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THE INTERNAL TEMPERATURES OF FRUIT-TREE 

BUDS 

By JOHN GRAINGER, Ph.D. and A. L. ALLEN, Ph.D. 

(With 10 Text-figures) 

Frost takes a severe toll from the harvest of fruit in every year. The 
damage done is not merely an effect of the freezing of water or of a 
dilute solution. Church and Ferguson (2) have found that the air tem- 
perature must fall to 27° F. to kill apple buds, but only to 29° F. to kill 
the flowers, and to 30° F. when the fruit is setting. Johnston (4) also 
found a similar phenomenon, and termed it ‘‘undercooling’’. The Duke 
of Bedford and Spencer Pickering (i) distinguished between radiation 
frosts and wind frosts, and mentioned the fact that heat may be lost 
from the bud by radiation to the surrounding air at night. Bud scales 
have been supposed to serve as insulation to conserve the heat generated 
by the metabolism of the tissues within, and this hypothesis has often 
been used to explain the foregoing observations on damage by frost. 

A simple class experiment showed that considerable amounts of water 
were lost through dormant buds. Three sets of similar apple twigs were 
weighed. One set was vaselined all over, another had only the buds 
covered with vaseline, and the third was left untreated. All were re- 
weighed after a week’s exposure to the air. The untreated twigs lost 
28 per cent, of their weight, whilst the other two sets each lost about 
11 per cent. These results show that water vapour is lost from a twig 
mainly through the buds. 

Miller and Saunders (6) and Seybold(6), using thermoelectric methods 
of estimating temperatures, showed that leaves were often cooled below 
the temperature of the air by transpiration. If transpiration from 
dormant buds has the same effect, one would expect that on frosty 
nights the bud would reach freezing-point before the surroun d i n g air. 
The observed facts quoted above show that buds are not damaged by 
frost until the air temperature falls well below 32° F. There is con- 
siderable circumstantial evidence that a dormant bud possesses some 
compensating mechanism against damage by frost. 

The present investigation was designed to study the relation between 
the temperature of the air and that within a bud at any time during 
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the day or night, and under varying climatic conditione. It was also 
hoped that the records would include a few frosts, and although these 
were not numerous, they yielded some interesting data. 

Experimental methods 

Thermoelectric circuits were used to measure the temperatures of 
buds, and of the surrounding air. Thermocouples were made in three 
sections. The actual junction consisted of two fine wires (40 s.w.G.) of 
iron and constantan soldered together. They were insulated at all places 
except the junction by a coat of cellulose varnish. Wires of progressively 
larger gauge were attached (Fig. 1), and the connections to the measuring 
galvanometer were made with large gauge double cotton-covered copper 
wire. 

Thermocouple Thermocouples Thermocouple 

in bud in air in thawing ice 



Diagram of thermocouple Temperature Temperature of 

difference between the air 

bud and air 
Kg. 1. 

Two Cambridge recording galvanometers of the frictionless, inked 
thread pattern were used for measuring the currents. They gave a move- 
ment on the scale of approximately 3 mm. per ° C. Records of dots 
made every 2 min. were printed upon paper charts stretched upon a 
cylindrical dnun revolving once in 24 hours. 

Buds of apple (Bramley’s Seedling and Worcester Pearmain), black 
currant (Seabrook’s Black) and raspberry (Lloyd George) were used for 
experiment. A hole was pricked into the bud by means of a fine needle. 
The thermocouple was pushed in gently, and the larger wires were tied 
to the branch bearing the bud, so that even a high wind did not disturb 
the arrangement. Wounds caused by the needle pricks produced no 
initial rise in temperature, though a small amount of callus was formed 
later. They did not affect the records in any instance. 
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Records were taken continuously from mid-March to mid-May in 
1932 at the Leeds University Fruit Station at Osgodby, near Selby, 
and from April 1 to the middle of May 1933 at the first-mentioned 
writer’s garden in Adel, Leeds. Experiments at Osgodby were confined 
to a study of apple buds; those at Adel dealt with apple, black currant 
and raspberry. 


Measurement of air temj>erature 

Each galvanometer was arranged to measure the thermoelectric 
current due to the difference in temperature between two thermocouples ; 
if one couple were placed in thawing ice (i.c. at 0® C.) and the other were 
in the air, the galvanometer would record fluctuations from which the 
actual temperature of the air at any moment could be calculated directly. 
Such a record was obtained upon galvanometer A (Fig. 1). The thermo- 
junction in the air was covered by a conical screen of zinc, which pro- 
tected it from rain and mechanical damage, but no considerable difference 
in temperature was ever observed between a screened and an unscreened 
thermocouple, except during rain. Zero points on the curve, indicating 
the position of 0° C., were obtained by disconnecting the circuit for 
10 min. each day. 


Measurement of bud temperature 

The thermoelectric current representing the difference in temperature 
between a thermoj unction in a bud and another junction in the air, was 
recorded upon galvanometer B (Fig. 1). The junction in the air was 
placed under the same screen as the air thermocouple mentioned in the 
last paragraph, and the actual bud temperatures could be obtained by 
adding the curves of galvanometers A and B algebraically. Zero points 
on the records, representing no difference between the temperatures of 
the air and of the bud, were obtained by disconnecting the circuit as 
before. 

Simultaneous records of circuits comparing the temperatures of two 
buds were occasionally made upon one galvanometer drum. A two-way 
switch, operated by the clockwork recording mechanism of the galvano- 
meter, switched over to each of the two circuits alternately. The two 
curves were separated on the chart by incorporating « small current, 
provided from an accumulator, and standardised by a potentiometer, in 
one of them (Fig, 2). When the second pair of thermocouples was in 
circuit, the pointer of galvanometer B would therefore swing a certain 
standard distance, plus or minus the current produced by the difference 
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in temperature. Zero points were obtained by disconnecting the thermo- 
couples as before, but a resistance, equal to that of the outdoor part of 
the circuit, was required in the circuit with the swlded current (Fig. 2). 

Thermoeouple 

at standard Currant screen . Currant 
temperature (air temperature) bud 



Fig. 2. Arrangements for the simultaneouB production of two recorde upon one recording 
galvanometer {B). 1, two-way switch operated by the recording mechanism of the gal- 
vanometer. 2, accumulator. 3A, resistance of 0 01 ohm. 3B, resistance of 200 ohms. 
4, resistance equal to the out-of-doors part of the circuit (t.e. the part shown by a 
dotted line in the diagram). 5 and 6, zero switches. 


Results 

Apple 

Seventy-eight out of the eighty-two daily records of the temperature 
of a dormant or slowly opening Bramley's Seedling apple bud made in 
1932 and 1933 show that the bud was wanner than the air during the 
day, and cooler during the night (Figs. 3 and 4). Only four instances 
were recorded when the bud was warmer than the air during the night 
as well as the day. The difference was not more than V C. in any of 
the four instances. 

No varietal difference in temperature was observed between Worcester 
Pearmain and Bramley’s Seedling buds, for records made continuously 
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for 22 days in 1932 showed a very close coincidence, both as regards 
amount and direction of the variations (Pig. 6). 


•c 



Fig. 3. I. Air temperature. II. Temperature difference: temperature of apple bud minus 
temperature of air. III. Intensity of sunshine (estimated by examination of sunshine 
oard). 



Fig. 5. Temperature differenw: temperature of bud minus temperature of air. 
(a) Bramley's Seedling. (A) Worcester Pearmain. 


Cooling of the bud during the night would seem to be mainly a direct 
result of loss of heat by evaporation. Loss of heat by radiation from 
the bud to a clear sky at night is probably an important secondary 
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factor. The zinc screen placed over a bud would eliminate loss of heat 
by radiation, and screened buds were rarely as cool as unscreened buds 
during the hours of darkness (compare II and III, Fig. 6). 

The rise in temperature during the day can be explained by assuming 
that the bud receives radiant heat from the sun. A sharp rise in the 
temperature of the air corresponds to a rise in temperature of the bud 
above that of the air. The bud, being a solid object, is warmed more 
than the air. This point was tested by comparing the temperature of an 
unscreened bud with that of a bud shielded from the sun's radiant heat 
under a conical screen of zinc. The results are shown in Pig. 6, which is 
typical of twenty daily records. Most illuminating results come from 
the records in daylight. The unscreened bud was, as usual, wanner than 
the air; its peaks corresponded directly with the peaks of the air- 



1 , , , , , , , , , , , , , — , 

1 1 Noo. Ip^n. 2 3 4 5 6 7 6 9 10 1 1 


May 22, 1932 

ilg. 6. I. Air temperature. 11. Unscreened bud. III. Screened bud. II and III show 
temperature difference, t.e. temperature of the bud minus temperature of the air. 

temperature curve (Fig. 6). The temperature of the screened bud was 
lower than that of the air even during the day, and a coincidence of the 
peaks of the air-temperature curve with the valleys of the screened-bud 
curve was seen. A rise in air temperature caused a lowering of the 
temperature of the screened bud. Raising the air temperature decreases 
its relative humidity; evaporation from any source of water vapour is 
thereby increased, and more latent heat of evaporation is taken from 
the bud, thus lowering its temperature. 

These results show that the warming during the day is by direct 
radiation from the sun, and confirm the view that lowering of the tem- 
perature of a bud can be caused by evaporation. The amount of fall in 
temperature at night was usually less than that of the screened bud 
^during the day. Svaporation would usually be greater during the day, 
but would nevertheless take place steadily at night. 
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Black cwrarU 

Flower-containing buds of black currant were used for experiment 
in 1933. Seventeen daily records were obtained between April 14 and 
May 2. The temperature of an apple bud was recorded upon the same 
chart in each case. All the records showed the rather surprising fact 
that black currant buds were usually cooler than the surrounding air 
during the daytime. Their temperature curves were, in fact, roughly the 
inverses of those portraying the state of the apple buds (Fig. 7). An 
explanation of this phenomenon is suggested by the fact that the black 
currant buds were further open than the apple buds in the latter half 
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Fig. 7. I. Air temperature. II. Unscreened black currant bud; temperature of bud m»n«« 
temperature of air. III. Unscreened apple bud; temperature of bud minus tempera* 
tore of air. 


of April; they were therefore more susceptible to the cooling effects of 
evaporation, which would, as shown above, increase as the temperature 
rose, if heating by radiation did not counterbalance it. 

Raspberry 

Four records, made between May 2 and 5, 1933, showed that flower 
buds of raspberry usually exhibited similar variations to those of black 
currant buds, except that fluctuations in the former, were usually not 
BO large as in the latter. Raspberry buds were, however, warmed con- 
siderably during bright sunlight. They may, so far as these few records 
show, be regarded as intermediate between black currant and apple in 
the matter of their temperature relations. 
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Frost 

A frost occurred on the morning of May 8, 1932, whilst these records 
were being taken. Minima of 28*6® F. in the screen and 26-6® F. on the 
ground, were recorded at the Osgodby station. This frost caused severe 
reduction in subsequent yield of gooseberries and currants both red and 
black, but did not damage apples or plums. 

The galvanometer record (Fig. 8) showed that the more severe part 
of the frost lasted for only an hour and a half, and that when the tem- 
perature of the air fell below freezing-point, the temperature of the bud 
was higher than that of the air. This was unusual during the hours of 
darkness, and may, perhaps, be due to the liberation of latent heat of 
fusion of the plant juices if parts of the bud had actually begun to freeze. 
Freezing of the outer scales would stop evaporation, and the latent heat 
of fusion would raise the temperature within. This explanation would 
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I 6p.in. 8 10 Midnight 2m.m. 4 6 

May 7-8, 1932 

Fig. 8. I. Air temperature II. Temperature difference : temperature of bud 

minus temperature of air . 


only account for the maintenance of a higher temperature in the bud 
for a certain time — until freezing was complete — and it may be that 
the buds were saved from being killed by the fact that the more severe 
part of the frost was of short duration. 

A slight frost occurred on April 14, 1933. The air temperature fluc- 
tuated round about 32® F. for over 2 hours. This was not sufScient to 
damage either the apple or the black currant buds, but the results help 
to explain the observations of the previous year, when black currants 
were damaged, but not apples. The curves (Fig. 9) show that the bud 
temperature of the black currant was uniformly below the air tem- 
perature, and a depression in the latter was followed, after a short time 
lag, by a depression in the former. The temperature of the apple bud 
rose above that of the air for the brief period, shortly before 4 a.m., 
when the air temperature was about 30® F. for a quarter of an hour. 
Although the frost was not severe, the records were very definite, and 
would seem to confirm the idea that the apple bud has a mechanism for 
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froBt resistance not possessed, or at least not shown in the same degree, 
by the black currant. 

Black currant buds were bursting on April 13, 1933, whilst apple 
buds were still dormant. If the explanation that the outer bud scales 
actually begin to freeze, and liberate latent heat of fusion, is correct for 
apple, it would also illuminate the behaviour of black currant. The 
young expanding leaves and flowers of this plant are the parts which 
freeze — they have no bud scales at this time. Hildreth (3) also found 
that the killing temperature of buds rose quickly in spring, when they 
were opening. 



I) M.dmght i.m. 2 3 4 5 6 7 8 9 10 

p.m. ® 


April 13-14, 1933 

Fig, 9. I. Air temperature II. Temperature difference: temperature of bud 

minud temperature of air . 





Fig. 10. I. Air temperature: screened thermocouple , unscreened 

II. Temperature difference: screened bud , unscreened 

Rain 

Rain, falling directly upon a thermojunction or a bud, causes a 
sudden fall in temperature, followed by a rise after a considerable time 
(Fig. 10). Screened thermocouples or buds do not show any fall. Lowering 
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of the temperature is evidently brought about by evaporation of the 
rain. 


SuitMABY AND CONCLUSIONS 

1. The temperatures of dormant and opening fruit buds of apple, 
black currant and raspberry have been investigated by thermoelectric 
methods. 

2. Apple buds are warmer than the air by day, and usually cooler 
at night. Warming seems to be effected by radiation from the sun, since 
a screened bud was cooler than the air during the da 3 ^ime as well as at 
night. Cooling would seem to be a direct result of evaporation from the 
bud, with radiation as an important secondary factor on clear nights. 

3. Black currant and raspberry buds are usuaUy cooler than the air 
at all times. Buds of these plants were opening, whilst apple buds were 
dormant, and it would seem that loss of heat by evaporation dominates 
even the warming effect of the sun during the day. 

4. Apple buds seem to have a mechanism of resistance against frost, 
whilst no evidence of such protection has been found in black currant 
buds. 

5. Results are discussed further under the various headings of the 
text. 

In conclusion, we desire to express otir sincere thanks to Prof. J. H. 
Priestley for extensive help in the prosecution of the investigation here 
recorded, to Mr J. W. Eves of Leeds University, and to Mr A. Potts of 
the Fruit Station, Osgodby, for valuable assistance in obtaining the 
1932 records. 
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I. Introduction 

The use of grafting as an experimental method has become increasingly 
prominent in plant disease investigations and in the study of certain 
aspects of physiology. In practical horticulture, grafting has been used 
from time immemorial for the propagation of deciduous and evergreen 
fruits and various ornamental trees and shrubs. A large body of em- 
pirical information connects the use of certain stocks with the production 
of certain desired characteristics, generally of a purely horticultural 
nature affecting vegetative vigour and longevity or frequency and rela- 
tive abundance of cropping. In many cases, the possibility of altered 
disease relationships has been entirely overlooked. On the other hand, 
several stocks formerly in use have been discarded owing to the preva- 
lence of scorch and other nutritional disorders induced in the trees 
grafted upon them. The various practical and theoretical issues raised 
by the disease relationships of grafted plants have been fully discussed 
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in a previous paper (9). Tlie purpose of the present communication is 
confined to a single issue only, namely, the possibility of an induced or 
transmitted increase or decrease in susceptibility to invasion by patho- 
genic fungi. 

The results reported by previous workers have often been entirely 
negative, both stock and scion retaining their characteristic reaction to 
infection unchanged. The best-known examples are those of Fischer (16) 
and Sahli(36), on the effect of grafting on the susceptibility of various 
Pomaceae to infection by Gymnosporangtum spp., and of Roach (34, 36) 
and Kohler (21), on varietal immunity of potatoes to wart disease, caused 
by Synchytrium endobioticum (Schilb.) Perc. The absence of any effect of 
grafting on disease relationships of stock and scion was also reported by 
Gibson (16) for chrysanthemum rust, Puccinia chrysanthefni Roze, by 
Salmon and Ware (38) for the powdery mildew of hops, Sphaerotheca 
humvli (DC.) Burr., by May (26) for tomato wilt, Fusarium lycopersia 
Sacc., and by Leach (23) for bean anthracnose, CoUeiotrichum Unde- 
muthianum (Sacc. and Magn.) Bri. and Cav. Negative results, while 
necessarily inconclusive, indicate “...that, if resistance or susceptibility 
is due to a specific substance in the plant, this substance is not trans- 
mitted from stock to scion or vice versa, or else it is modified by the cells 
which receive it ”(23). Positive results were reported by Klebahn(20) for 
the uredial stage of the white pine blister rust, Cronartium ribicoio Wald., 
and by Blaringhem(8) for hollyhock rust, Puccinia malvacearum Mont. 
In both cases, scions which were normally resistant were found to be 
capable of infection when grafted on a susceptible stock. There is no 
evidence, however, to show that a similar incretwe in susceptibility could 
not have been induced by other means. The early experimental investi- 
gations were concerned almost entirely with the possibility of direct 
transmission of resistance or susceptibility; recent observations empha- 
sise the possibility of an indirect effect resulting from a modification in 
the normal response to environmental conditions. This outlook is 
exemplified by the work of Volk (43), in 1931, in which experiments with 
grafted plants form part of an extensive series of observations on the 
relation of environmental factors to the development of disease. The 
grafting experiments were confined to potato blight, caused by Phyto- 
phthora infestans (Mont.) de By., and tomato leaf mould, caused by 
CUidosporiufn fulvum Cke. Special attention was paid to the state of 
vigour of the host plant, as influenced by grafting, which, under certain 
conditions, might have an adverse effect on the development of the 
parasite. In no case, however, was immunity to disease affected. In 
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several respects, 'V oik’ s account of kis experiments is by no means satis- 
factory , and bis conclusions will be considered later, in connection witb 
the present work. 

In so far as the choice of material is the same, the present work may 
be regarded as a. confirmation of Volk’s experiments. However, their 
scope has been extended to include observations on varietal relationships 
as well as on the purely specific host range of the two fungi. The use of 
varietal relationships permits the reciprocal influence of stock and scion 
to be studied more fully. If grafting induces changes in one component 
in any way related to the reaction of the other, there will be better 
justification for the assumption that direct transmission of the factors 
responsible has occurred. Otherwise, the effect must be indirect, and 
will be indistinguishable from a modification induced by changed en- 
vironmental conditions. Negative results cannot be conclusive in them- 
selves, but the suggestions that they afford may be further supported 
or confirmed by circumstantial evidence derived from the preliminary 
experiments and considerations in each case. 

II. Materials and methods 
( 1 ) Host plants 

Potato, 

Nine varieties were available, as follows: Ist Earlies — Arran Crest, 
Duke of York; 2nrf Earlies — Arran Comrade, Stirling Castle; Early 
Maincrop — The Ally, Great Scot, King Edward; Maincrop — Golden 
Wonder, Up-to-Date. Both “immune’' and “non-immune” varieties 
were represented in each class. Grade I Scotch seed was used throughout. 
The tubers were sprouted in pots in a glasshouse and the first series 
were planted in pots in March. The remaining series were planted out 
in the usual way from the middle of April, using a piece of newly broken 
grassland, w^ithout addition of artificial fertilisers. By planting in lots, at 
intervals, they were obtained in varying stagea of development through- 
out the summer. All varieties remained fairly free from virus diseases. 

Totnaio, 

A selection was made from seedsmen’s lists, to include as many 
different forms as possible. The following varieties were grown, namely: 
red fruited — Giant Red, Kondine Red, Plentiful, Up-to-Date, Maincrop, 
Stirling Castle, Superlative, Earliest-of-All, Open Air; yellow firuited — 
Golden Queen, Large Yellow. In addition, a number of small-fruited 
forms were grown from a mixed packet of seed supplied by Messrs 
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Stittons, Three types were obtained, which are described below as S.F. 1, 
S.F. 2, and 8.F. 3 respectively. 

8F, 1. Of more slender habit, but otherwise similar in vegetative 
characters to the ordinary tomato, Lyoopersicum esctdetUum Mill. In- 
cludes “cherry”, “plum” and “pear” type fruits, representing vars. 
cerasifonne and pyriforme of Bailey ( 4 ) and other writers. 

S,F. 2. Has the characteristic foliage of var. grandifoUum Bailey ( 4 ), 
with large, entire terminal leaflets. The fruit is intermediate in shape 
between “pear” and “plum”. 

S,F,S, The “currant” tomato. This is a very distinct plant, of 
slender, branching habit, and with smaller, entirely glabrous leaves. The 
leaflets are rounded and often almost entire, and the secondary leaflets 
are very small. The fruits are of the size of currants, approximately 
0*7-l*3 cm. in diameter, and are borne in long two-rowed racemes. The 
true identity of this form remains uncertain. The currant tomato has 
been variously described as Lycopersicum pimpineUifolium Dun. and as 
L, racemigerum Lange. Bailey ( 4 ), with whose description the plant is in 
entire agreement, considers the two species to be identical, giving as 
additional synonyms L. rdcemifonne Lange and Solanum mcemiflorum 
Vilm. The S.F. 2 type was found to agree closely with plants grown 
from seed supplied from Kew as Lycopersicum racemigerum. On the 
other hand, the type in cultivation at the John Innes Horticultural 
Institution, supplied through the kindness of Dr F. W. Sansome, differed 
in several important respects. The plant was hairy, and in habit and 
in the shape of its leaves bore a greater resemblance to L, esculentum. 
The results of inoculation experiments show that all three forms are 
immune to Cladosporium fulvum. 

All tomatoes were grown from seed in a mixture of old garden loam and 
leaf mould without artificial fertilisers. 

Other Solanaceae. 

Solanum nigrum, S. dulcamara, Atropa belladonna, Datura stramonium, 
Physalis sp. and Hyoscyamus niger. With the exception of the first two, 
which were grown from seed collected in the neighbourhood, these were 
supplied as cuttings from the University Agricultural Botanic Garden. 

(2) Culture of Phytophthora infestans 

Source of material. Diseased material was collected personally and 
also obtained from the following workers to whom the writer is indebted : 
A. Beaumont, A. Dillon Weston, Dr G. H. Pethybridge, Dr T. Small, 
and Dr W. M. Ware, 
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l 9 okUion of pure cultures. The diseased tubers were surface-sterilised 
and then cut in half and left in a moist chamber at an average tem- 
perature of about 10° C. Under these conditions, aerial mycelium de- 
veloped from the cut surface in 2-3 days. The tubers could later be 
resterilised and cut so as to encourage the development of fresh mycelium. 
In many cases, however, the presence of other tuber rotting fungi, 
principally Fusarium spp., made a transfer to fresh tubers desirable. 
The removal of bacterial contamination was effected by growing on 
aseptic potato slices in Petri dishes, as recommended by Crosier (ii) in 
1933. The slice cultures were held at 10° C., the humidity being kept 
always slightly below 100 per cent. Under these conditions, aerial 
mycelium was encouraged to develop beyond the region of contamina- 
tion, but if the humidity was allowed to decrease too far, the mycelium 
soon dried out and was useless for subculturing. A return to 100 per cent, 
humidity was sometimes effective, but was liable to result in the sudden 
spread of the contamination over the entire surface of the slice. Suc- 
cessful isolations to artificial media were obtained from slice cultures, 
and, in a few cases, from diseased tubers. The slants were maintained 
at 100 per cent, humidity, generally in “ Kilner ’’ jars with loosely fitting 
lids, and the plugs were covered with ‘‘Cellophane’’. A portion of aerial 
mycelium was used as inoculum, except where bacterial contamination 
was suspected. In the latter case, the surface of the culture was touched 
lightly with a platinum loop containing sterile water, so that conidia 
only were removed. In making transfers from existing slant cultures, 
the inoculum consisted of a portion of medium containing submerged 
mycelium. The best way of increasing the number of cultures was to 
transfer to potato slices, and inoculate the new slants from these. 

A number of different agar media were tried, of which the most 
suitable was found to be “ Bacto ” Lima bean agar. Even on this medium, 
growth was slow, and plate cultures failed completely owing to the more 
rapid drying out of the medium. Placing the remaining media roughly 
in order of suitability, judged both by the extent of growth and by the 
amount of aerial development, yellow corn and potato-dextrose-peptone 
were best, then oatmeal, “Bacto” corn meal and synthetic solution, 
and, finally, tomato fruit agar. The media tried included the recommen- 
dations of Clinton (10), Jones et aZ.(i9), Pethybridge and Murphy (3i), and 
others, but in no case was growth so extensive as reported by these 
authors. On Lima bean agar, which was used exclusively for the main- 
tenance of stock cultures, a dense submerged growth was produced, in 
which several distinct types of structure were identified. These included 
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a single parthenogenetic oogonium, agreeing closely with the description 
given by Pethybridge and Murphy (3i) in 1913. 

Germination of conidia, Conidia were removed from the majority of 
the slice cultures and their germination observed at laboratory tem- 
perature (13-16° C.) and also in an incubator at 25° C., in both cases in 
hanging-drop cultures. The method of germination was found to depend 
on the temperature and on the age of the cultures (which were main- 
tained at laboratory temperature). At 13-16° C. direct germination was 
observed after 11 days, and indirect germination after 6 days: at 26° C. 
direct germination occurred after 7 days, and indirect germination only 
after 8-12 days. In both cases, the percentage of direct germination 
was Direct germination resulted in the production either of a single 
germ tu%e or of “ secondary ” conidia, as described by Crosier (12). Indirect 
germination was observed on several occasions, from nine to fifteen 
zoospores being liberated from a single sporangium. At the lower tem- 
perature, the whole process was very rapid, most of the conidia ger- 
minating within 2 hours. Germination of the zoospores proceeded with 
equal rapidity. After a short period of motility, the spores came to rest 
and developed a cell wall, germinating immediately by putting out a 
single germ tube. This remained unbranched for 24 hours, becoming 
separated from the empty spore by a single cross-wall near the base. 



(3) Culture of Cladosporium fulvum 


Single^ spore cultures were isolated from diseased tomato foliage ob- 
tained frCto various local nurseries, and oatmeal agar was the most 
satisfactory medium. The colonies produced free spores for as long as 
3-4 months, increasing slowly in size without any appreciable change 
in appearance. The optimum temperature for growth appeared to be 
about 26° C. The colour^ varied from medal bronze (19Y0-Y.m.) to 
deep olive buff (21'" 0-YY.b.), and the colonies differed from those of 
C. hfCrbarum on the same medium only in colour and in their slower rate 
of l^owth. On Czapek’s and other media, however, growth was charac- 
terisf d by the early cessation of sporulation and the development of the 
strbiliatib condition. After 4-6 weeks at 13-16° C., the colonies cono^sted 
of ^n outer, dense, stromatic shell covering an inner mass of disorganised 
hy^hae and bearing a white felt of sterile mycelium on the outer surface. 
T^ mycelium developing from freshly exposed parts of the colony was 
8*1fc'bntirelv sterile. 


See Ridgway’s Colour Standards and Colour Nomenclature, 
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Morphology. Viable conidia were obtain^ frob^ cultures on oatmeal 
agar at all ages, from 4-12-day-old cultures on Czapek’s agar, and also 
from infected foliage. Leaf conidia were germinated in standard foliage 
decoctions from the following plants, namely. Giant Red tomato, small- 
fruited tomatoes types 2 and 3, Lycopersicum racemigerum (Kew), and 
King Edward potato (2 per cent, decoction for in boiling water). 

In each case, distilled water was used as a control. Germination in 
decoctions from the (immune) type 8.F. 3 and L. racemigerum was the 
same as in distilled water, showing that immunity could not depend on 
the presence of a water-soluble substance capable of inhibiting spore 
germination in standard decoction, as assumed by Schmidt ( 39 ). In 
Giant Red tomato and type S.F. 2, the germ tubes were slightly 
more branched. Germ tubes of the knotted or ‘‘ BB ” type of Schmidt ( 39 ) 
were observed only in the decoction of King Edward potato, although 
even in this case in presence of a number of intermediafe^^spes as well. 
According to this author, the production of the “ germ tube 

in decoctions of potato and tomato depended oi^Epr* presence of small 
quantities of solanin. However, in a later paper, Agerberg et al. (2) pointed 
out that Schmidt had carried out his experiments entirely with conidia 
obtained from artificial culture. With leaf conidia, on the other hand, 
the effect of solanin was much less pronounced ; germination in decoction 
of L. racemigerum was also normal. These observations were confirmed 
in the present investigation. The production of the “BB” type of 
germ tube by culture conidia has been developed as an extremely 
delicate test for the detection and estimation of small quantities of 
solanin (1). 

Mature conidiophores from a culture on tomato decoction showed 
sympodial development with the production of 1-2-celled spores in 
chains, typical characters which are described in Rabenhorst’s(32) Krypto- 
gamen-Flora, and were confirmed by Makem8on{^> in 1918. On the 
other hand, the illustration of this species given by Schmidt (39) resembles 
a totally different organism — Tricholhecium roseuni Lk. The habit of 
growth on artificial media described by Schmidt also siiggests this species 
rather than Cladosporium fulvum. So far there has been no evidence 
for the existence of biological strains of the latter organism, differing 
in host relationships, or widely separated by cultural- characteristics. 
Added to these considerations, the fact that the results of Agerberg 
et al, (2), using leaf conidia (which could hardly have been other than 
C.fitlvum), have been confirmed, raises the possibility that, in artificial 
culture, Schmidt’s C. fulvum was contaminated by Trichothedum 

Ann. Biol, xxm 2 
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roseum or a similar species. A repetition of Schmidt’s observations is 
desirable,^ 


(4) Technique for inoculation experiments 

Detached leaves in Petri dishes were used for the prehminary inocu- 
lations and then, where necessary, the results were confirmed by inocu- 
lating seedling and older plants in pots. In all cases uninoculated 
controls were maintained. In each experiment, a minimum of four 
leaves was used for each variety. The leaves were washed in tap water 
and rinsed in sterile water before placing in Petri dishes. The dishes 
contained moistened filter paper and were stacked so as to receive as 
much diffuse light as possible. No mineral salts were supplied, the filter 
paper being moistened when necessary by addition of distilled water 
only. Leaves kept under these conditions sometimes remained green for 
as long as 5 weeks, often putting out adventitious roots from the base 
of the petiole. No difficulty was experienced with leaves from plants 
grown under glass, but where the plants had been grown out of doors, 
there seemed to be greater danger of ‘"breakdown” and bacterial con- 
tamination. Actually, the danger of contamination in the Phytophthora 
infestans inoculations was not great, since the experiments were rarely 
more than 10 days in duration. With Cladosporiumfulvum, on the other 
hand, the experiments often lasted for as long as 3-4 weeks, and here 
the use of outdoor-grown potatoes and tomatoes was almost entirely 
prevented. Less difficulty was experienced with Solanum nigrum, S. dul- 
camara, and the other Solanaceae. Seedling and grafted plants were 
maintained in a propagating frame inside a glasshouse to ensure a high 
relative humidity. 

Both conidia and aerial mycelium were used as the source of inoculum 
for Phytophthora infestans. The conidia were removed from 6-9-day-old 
slice cultures and were allowed to germinate at 13-15® C. The suspension 
of zoospores was afterwards applied by means of a de Vilbiss atomiser. 
Spore suspensions of Cladosporium ftdvum were obtained from colonies 
on Czapek’s medium, not more than 10 days old, or from material 
infected in one of the previous experiments. No loss of virulence was 
experienced after prolonged periods of growth in artificial culture. 

' Since this communication went to press, a paper by Raabe and Sengsbusch has been 
received (Oartenbauwisa. (1935), ix, 183-8), in which it is stated that Schmidt and his 
collaborators confused Cladosporium fulvum with Trichothecium roseum. 
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(6) Technique for grafting experiments 

In all some fifty grafts were made, involving various combinations 
of tomato (both commercial and S.F. types), potato, Solanum nigrum^ 
Atropa belladonna, and Datura stramonium. The tomatoes and some other 
plants were in 6-in. pots, and were 5-8 weeks old. Detached shoots of 
potato and Atropa belladonna were obtained from plants growing in beds. 
All but the very young side shoots were hollow and unsuitable for 
grafting. In general, the condition of the material could be judged best 
from the appearance and “feel” of the stem when cut through with a 
razor. When both cut ends remained firm, but with abundant exudation 
of sap, successful “ take ” of the graft could be predicted with conaderable 
certainty. The simple cleft graft was found to be the most convenient. 
Stock and scion were chosen so that their cut ends were of the same 
diameter and, usually, the apical portion of the scion was removed so 
that only the two lower leaves remained. The graft was tied with moist- 
ened raffia. The grafted plants were maintained in a propagating frame 
at 100 per cent, humidity for at least 2 days, and were then given in- 
creasing ventilation until their removal to the glasshouse bench at the 
end of the second week. As the plants increased in size, they were 
staked, and the raffia was cut to prevent constriction of the growing stem. 

III. Experimental results 
( 1 ) V arietal relationships 

(а) Phytophihora infestans. 

Potato, The general course of events was in agreement with the 
majority of the published accounts, three distinct stages of infection 
being distinguishable, as follows: (a) a pale or greyish discoloration, 

(б) development of aerial mycelium, (c) blackening and “water-soaking”. 
The progress of the disease was recorded throughout the inoculation 
experiments for each variety, but no constant differences were observed 
either in incubation period or in intensity of infection. In all cases, the 
upper surface Was slightly more resistant than the lower. An attempt 
was also made to distinguish between the varieties by measuring the 
rate of spread of infection by the method used by Jones et al, (19) in 1912, 
but it was soon realised that this would involve a statistical analysis 
beyond the scope of the present investigation. Differences in the inherent 
susceptibility of different varieties undoubtedly occur (33 , 44 ), but they 
are slight, and are frequently masked by the effects of age and period 

2-2 
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of maturity (13), habit (37), climatic conditions (U), and other factors in- 
fluencing what Beaumont (5) has recently described as the “epidemic 
potentiality” of the crop as a whole. 

Table I 


Inoculation experiments with Phytophthora infestans. 



Tomato and other plants 

Results 

A 


Name of plant 

ezps. 

f 

Definite 

Slight 

Doubtful 

Negative 

Tomato: 

Giant Red 

6 

mi 

— 

/ 

— 

Golden Queen 

6 

/// 

/ 

/ 

— 

Stirling Castle 

Large YeUow 

5 


/ 

/ 

Ill 

4 

1 


/ 

II 

Up-to-Date 

Plentiful 

4 

4 

— 

/ 

/ 

// 

II 

II 

Earliest of All 

4 

— 

— 

/ 

III 

Kondine Red 

4 

— 

— 

/ 

III 

Superlative 

4 

— 

— 

/ 

ill 

Open Air 

4 

— 

— 

/ 

III 

Maincrop 

6 

— 

— 


///// 

S.F. 1 

5 

— 

/ 

/// 

/ 

S.F.2 

2 

— 

— 

II 


S.F. 3 

5 

Ill 

/ 


/ 

Other plants : 

Solarium dulcamara 

3 

— 

— 

— 

/ / / 

8, nigrum 

2 

— 

/ 

/ 

— 

Atropa belladonna 

3 

— 

— 

/ 

// 

Hyoscyamus niger 

2 

— 

— 

/ 

/ 

Datura stramonium 

2 

— 

— 

/ 

/ 

Physalis sp. 

2 

~ 

— 


II 


Each mark reproacnts a record in a single experiment. 


Tomato and other plants. The resulta with tomato and other hosts 
are presented in Table 1. Three degrees of infection are recognised, 
namely, “definite”, “slight”, and “doubtful”. “Definite” infection, 
for instance, on Giant Red tomato, is characterised by the appearance 
of sharply defined blackened areas having comparatively scanty aerial 
mycelium, and without any tendency towards the rapid spread of 
“water-soaking” as in the potato. Infection was judged to be “slight” 
when the lesions were limited in number or when no aerial mycelium 
was produced until after the seventh day from inoculation. After local 
inoculation, the infected area remained small, with little fresh aerial 
myceliui](to“ Doubtful” infection represents any symptoms not ob- 
servable Wthe controls and resembling incipient stages of infection, 
but in no case with any development of aerial mycelium. Table I shows 
that Giant Red and Golden Queen are clearly the most susceptible of 
the eleven tomato varieties, while Maincrop is the most resistant, being 
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the only variety for which the results were uniformly negative. Of the 
small-fruited tomatoes, the currant or S.F. 3 type only is susceptible. 
Except for a single record of ‘‘slight” infection for Solarium nigrum, the 
results for the other Solanaceous plants investigated are “doubtful” or 
negative. The symptoms of “definite” infection on the tomato agree 
with those recorded in similar experiments by Melhu8(27) in 1916 and 
by Giddings and Berg(i7) in 1919. On the other hand, the fact that 
certain varieties remained immune suggests a possible explanation of 
the negative results obtained by Smith (42), Wiltshire (45), and Reddick 
( (33), p. 499). Naturally infected tomato foliage was received from Jersey, 
C.I. The symptoms were those of typical potato blight and would there- 
fore appear to be due to infection by the “tomato” strain, as described 
by Berg(6) in 1926. However, there has been no opportunity of per- 
forming inoculation experiments with this strain, although cultural obser- 
vations indicate that it is less readily grown on Lima bean agar and other 
media than the “potato” strains. The present results are in no way 
contrary to Berg’s conclusions, and demonstrate in addition the existence 
of well-marked differences in the susceptibility of tomato varieties to 
the “potato” strains. 

(6) Cladosporium fulvnnu 

On all tomato varieties, the early stages of infection are characterised 
by the appearance of an extremely diffuse, grey, aerial mycelium, without 
any discoloration of the tissues. As sporulation commences, the fungus 
assumes a brownish coloration, which later becomes dark, tawny, or 
occasionally purplish. Arranged according to their relative incubation 
period in each experiment, the tomato varieties fall into a fairly regular 
series, in which the S.F. 2 type, Giant Red, and Grolden Queen were the 
most susceptible, and Maincrop, Stirling Castle, and Superlative were 
among the most resistant (Table II). In general, a fair correlation was 
observed between relative incubation period and type of infection. In 
the most susceptible varieties, the lesions frequently covered the entire 
leaf surface, while in Stirling Castle, for instance, they remained small 
and sharply defined, frequently localised towards the apex of the leaf. 
The actual differences in incubation period were greatest at temperatures 
lower than the optimum for infection, and at high temperatures these 
differences were very slight, although the differences in type of infection 
were retained. There was, moreover, some slight evidence that the 
minimum relative humidity necessary for sporulation was higher in the 
resistant varieties than in the susceptible. The identity of the causa 



22 


Susceptibility to Pathogenic Fungi 

Table II 

Inoculation experiments with Cladosporium fulvum 

Besults poeitive 
Relative inouDation period 

Results 


Name of plant 
Tomato: 

1 

2 

3 

4 

negative 

Giant Red 

II 

/// 

— 

— 

— 

Golden Queen 

II 

I/I 

— 

— 

— 

Kondine Red 

1 

III 

/ 

— 

— 

Open Air 

Plentiful 


III 

II 

— 

— 

II 

I 


II 

— 

Earliest of All 


I 

1 

// 

/ 

Up-to-Date 

— 

1 

II 

/ 

/ 

L^e Yellow 

— 


III 

/ 

/ 

Maincrop 

Stirling t^tle 

— 

1 

1 

II 

1 


II 

III 

Superlative 

S.F. 1 

— 

— 

— 

III 

II 

II 

// 

— 

/ 

— 

S.F. 2 

II III 


— 


— 

S.F. 3 


— 

— 

— 

1111/ 


Five experiments are recorded, and each mark represents a record in a single 
experiment. Where the results are positive, column 1 represents the shortest incubation 
period observed in any one experiment, and column 4 the longest. 


organism was confirmed by reisolation to artificial media. The currant 
tomato, or S.F. 3 type, remained immune, and neither the potato varieties 
nor any of the other Solanaceae were infected. Of the varieties of tomato 
investigated, Stirling Castle has been shown to possess a high degree of 
resistance by Jagger(i8), Small(4i), and Bewley and 0rchard(7) in 
England, and by Norton(29) and Alexander(3) in the United States. 
Resistance was also demonstrated for Maincrop by Small (4i ), Newhall ( 28 ), 
and Alexander (3). On the other hand, Up-to-Date is mentioned as a 
resistant variety by most workers, while no record of resistance has 
been found for the variety Superlative. No record is known to exist of 
the occurrence of C. fulvum on any other species than the tomato, 
Lycopersicum escidentum. The immunity of the currant tomato was first 
recorded by Seng»]btisch and Lo8chakowa-Hasenbusch(40) in 1932, and 
was confirmed by OsmuniSO) and Alexander(3) in the United States in 
1934. It is confirmed in the present investigation for Messrs Buttons’ 
currant tomato (the S.F. 3 type), and also for i. racemigerum from Kew 
and froin^the John Innes Horticultural Institution. 

* (2) Experiments with grafted plants 

The preliminary experiments showed that the grafting experiments 
could be confimed to a limited number of plants, differing widely in their 
reaction to the two diseases under consideration, as shown in Table III. 
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ResiBt&nt 

Susceptible 

Phytophthora infesiana 

Tomatoes: Maincrop, Stirling Castle 

Tomatoes: Giant Red, 


All “other plants" 

Golden Qneen 

All potato varieties 

Cladoaporium fulvum 

Tomatoes : Maincrop, Stirling Castle, 

Tomatoes: Giant Red, 


S.F. 3 

All potato varieties 

All “ other plants " 

Golden Queen, S.F. 2 


As many different combinations as possible of resistant and sus- 
ceptible plants were inoculated in each case. The experiments were 
delayed until new growth had developed from both stock and scion. 
The plants were kept close for 7 days after inoculation and then (in the 
case of Cladosporium fulvum inoculations) hardened off as much as 
possible to prevent premature defoliation. Controls were provided 
throughout; in a few cases only detached leaves had to be used, for lack 
of other material. The results are presented in tabular form below: 

(а) Phytophthora infestans, 

(i) Stirling CastU and Giant Red tomatoes. In two grafts, infection 
was recorded on Giant Red (both stock and scion) after 7 days. The 
lesions remained small, with scanty aerial mycelium, exactly as in the 
controls. Stirling Castle likewise remained free from infection. 

(ii) Potato on Maincrop or Stirling Castle tomato. Five grafts were 
inoculated, and in every case aerial mycelium was recorded on the potato 
after 5 days, while the tomato stock remained free from infection. The 
scions were eventually completely destroyed by the disease. 

(iii) Potato on Datura stramonium: potato on Solanum nigrum. As 
before, aerial mycelium was recorded on the scion after 6 days, while 
the stock remained completely free from infection. 

(iv) Atropa belladonna mi Giant Red tomato: Giant Red tomato on 
Datura stramonium. Normal symptoms were recorded on Giant Red 
tomato after 8 days and after 7 days respectively. Neither Atropa 
belladonna nor Datura stramonium were infected. 

(б) Cladosporium fulvum, 

(i) Giant Red and Stirling Castle tomatoes. Both varieties behaved 
exactly as in the controls and in the previous experiments. In two 
experiments, the incubation periods for Giant Red were 14 and 24 days 
respectively (depending on differences in average temperature), and for 
Stirling Castle 20 and 30 days respectively, both stock and scion of each 
variety behaving alike. Normal differences in type of infection were 
also observed. 
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(ii) 8F. 2 on Stirling Castle tomato. Incubation periods were 13 and 
19 days respectively. Eventually, the lower leaves of the scion wer^ 
completely covered by the fungal lesions, which, in the stock, were 
confined to the extremities of the apical leiiflets. 

(iii) S.F, 3 and Giant Red tomato. In no case was type S.F. 3 infected. 
Five grafts were inoculated, in three of which this plant was the scion. 
The results with Giant Red were normal throughout. 

(iv) Potato on Giant Red tomato: Atropa belladonna and Datura 
stramonium on Giant Red tomato. In all three cases, the tomato stock 
was infected normally, while the scion remained completely immune. 

(v) S,F, 2 on Solanum nigrum. Normal infection of type S.F. 2 ; 
Solanum nigrum completely immune. 

Within the limitation imposed by the absence of exact quantitative 
data, the results indicate in both cases the complete absence of any 
reciprocal influence of stock and scion, affecting disease relationships. 
Both components have been shown to retain their characteristic reaction 
to infection irrespectively of the manner in which they were employed. 
This applies equally well to slight varietal differences as well as to the 
wider, specific host relationships. 

IV. Discussion 

The value of grafting experiments in the interpretation of disease 
relationships has been discussed in a recent book by Krenke(22), and 
brief notice must be made of his observations before proceeding to a 
consideration of the present experimental work. Krenke distinguished 
both active and passive immunity from “ growth resistance ” ( Wachstum- 
resistenz), depending on period of maturity, or on vigour of growth or 
regenerative capacity not in specific relation to disease. The more 
markedly specific and, strictly speaking, genotypic were the resistant 
properties, the less were they liable to be modified by grafting, and in 
this connection an important distinction was made between “non- 
susceptibility” {Vnempfindlichlceit)y or complete genotypic inability to 
permit infection, and “ resistance ” ( WiderstandsfUhigkeit), which was also a 
phenotypic expr^ion capable of modification by environmental factors. 

Inoculation experiments with Phytophthora infestans showed that it 
was impiJipBible to distinguish between the different potato varieties, all 
of which were highly susceptible to infection. On the other hand, the 
twelve tomato varieties exhibited well-marked differences in suscepti- 
bility, with a higher general level of resistance. According to Reddick (83), 
immunity in the tomato was “derived” in the same way as it was in 
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Solatium demissum and other entirely immune species, its existence indi- 
cating that these species had been in contact with Phytophthora infestans 
for a long period of time. Moreover, the more uniform susceptibility of 
the potato varieties was due to the fact that Solatium tuberosum was a 
comparatively recent introduction from a region {Le, South America) 
in which the fungus did not occur. Even in the potato, the existence of 
atjertain degree of active immunity seems probable ( 13 ), although in some 
cases this appears to be supplemented by morphological and other pro- 
perties of a purely passive nature ( 24 ). While derived immunity is essen- 
tiaUy genotypic and is not affected by environmental conditions, it is 
not comparable to ‘‘non-susceptibility”, which should be restricted to 
a complete primary immunity, in no sense derived from the condition 
of susceptibility. The grafting experiments were confined to potato, 
resistant and susceptible varieties of tomato, the highly resistant SoJanwm 
nigrum, and Atropa belladonna and Datura stramonium. The results 
showed that the characteristic reaction of stock and scion were entirely 
unaltered by grafting. In Volk's(43) experiments, slight differences in 
susceptibility were recorded for potato scions when grafted on tomato 
(immune), and these were attributed to differences in the length of the 
vegetative period. However, these observations were confined to indi- 
vidual leaves in the vicinity of the graft union. In the present investiga- 
tion, the infection was estimated over whole shoots, most of which had 
developed subsequently to grafting and under identical environmental 
conditions. Accordingly, the results fully corroborate the suggestion 
already put forward, namely, that resistance and susceptibility to Phyto- 
phthora infesians are essentially genotypic properties. Grafting experi- 
ments afford no evidence of whether immunity is derived or not, neither 
do they distinguish between the active and passive character of re- 
sistance. Certainly, in the species investigated, if resistance is passive 
in character, the properties on which it depends are not such as are 
capable of effective transmission from stock to scion or vice versa. 

Inoculation experiments with Cladosporium fulvum revealed well- 
marked differences in susceptibility among the twelve tomato varieties, 
shown both by incubation period and by intensity of infection. No 
varieties, however, were entirely immune. The true nature of resistance 
remains unknown. C. fulvum is apparently strongly specialised to the 
tomato {Lycopersicum escidentum), and there is no satisfactory evidence 
for the existence of distinct strains differing in cultural characteristics, 
host relationships, or geographic distribution. The immunity of the 
currant tomato {L, racemigerum Lange or L. pimpinellifolium Dun.) is 
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fully confirmed, but Schmidt’s opinion ( 39 ), that it depends on the presence 
of a water-soluble substance termed “ prohibitin’’, capable of inhibiting 
spore germination, has received no support. Further, Schmidt’s own 
figure illustrating the morphology of Cladosporium fvlvum bears no re- 
semblance to the normal appearance of the fungus, and does not agree 
with the accepted diagnosis of the genus. It suggests, in fact, the 
contamination of his cultures with Trichothecium roseum Lk., a view 
that is also supported by his account of their behaviour on artificial 
media. The grafting experiments permit of a similar interpretation to 
that adopted in the case of Phytophthora infesians. The results showed 
the complete absence of any effect of grafting on disease relationships, 
either in resistant and susceptible varieties of tomato, or in the immune 
currant tomato or any other plants investigated. Resistance to Clado- 
sporium fulvum appears to be essentially genotypic in character. Cer- 
tainly, the almost continuous variation exhibited between the different 
varieties suggests that it has been “derived” in the manner proposed 
for the origin of resistance to the “ potato strain ” of Phytophihora infestans. 
From the manner of its inheritance, it would appear to be related to 
the complete immunity of the currant tomato ( 40 ), but direct evidence 
is lacking. In all probability, the immunity of the potato and other genera 
represents an example of genuine and complete “non-susceptibility”. 

Negative results cannot be conclusive in themselves, and therefore 
the grafting experiments can be of little value except as circumstantial 
evidence in support of conclusioni^ previously derived from other con- 
siderations. In the present discussion, attention has been directed to- 
wards an understanding of the evolutionary significance of parasitism. 
In both genera of fungi, the presence or absence of biological specialisa- 
tion must be related to the probable past history of the disease, and 
the host range and cultural characteristics of related species must be 
considered in terms of the value of their systematic position. On the 
one hand, immunity may be found to have been derived from the 
susceptible condition common to a large number of related genera; on 
the other hand, the origin of susceptibility may be found in the pro- 
gressive specialisation of parasitism from a ’wide range of saprophytic 
or weakly parasitic activities. 

V. Summary 

Experiments are described which are concerned with the possibility 
of an increase or decrease in susceptibility to pathogenic fungi, induced 
or transmitted by grafting. Two diseases are investigated, namely, potato 
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blight, caused by Phytophthora infestans (Mont.) de By., and tomato leaf 
mould, caused by Cladosporium fidvum Cke. 

Preliminary inoculation experiments were carried out on eleven large- 
fruited varieties of tomato, eight varieties of potato, various small- 
fruited tomatoes, and other Solanaceous plants, with the following results : 

Phytophthora infestans. All the varieties of potato were equally sus- 
ceptible, but certain varieties only of tomato, viz. Giant Red, Golden 
Queen. Detached leaves of the currant tomato were also infected. 

Cladosporium fulvum. Only tomato varieties and certain small- 
fruited tomatoes were susceptible. Giant Red and Golden Queen were 
particularly susceptible, Stirling Castle and Maincrop were relatively 
resistant. The currant tomato {Lycopersicum racemigerum Lange or 
Zf. pimpinellifolium Dun.) was immune. No support can be given to 
Schmidt’s suggestion that immunity depended on the presence of a 
substance termed prohibitin’’, capable of inhibiting spore germination. 
It is suggested that the identity of Schmidt’s cultures was mistaken. 

About fifty grafts were made involving various combinations of re- 
sistant and susceptible plants. The grafts were inoculated, in most cases, 
after new growth had developed from stock and scion. Without exception, 
the results of these experiments were the same as on the ungrafted 
material, both stock and scion retaining their characteristic reaction to 
infection unaltered. Although negative results cannot be conclusive in 
themselves, they indicate that resistance and susceptibility are either 
genotypic properties of the protoplasm or else are due to some factor 
that is not, as such, transmissible from stock to scion or vice versa. 
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QLOMERELLA PHAGIDIOMORPHA (CES.) PET. ON 
PHORMIUM TENAX IN BRITAIN 

By W. 0. KINGHORN, B.Sc. 

(From the DepartmerU of Mycology ^ University of Edinburgh) 

(With Plate I and 2 Text-figures) 

Introduction 

Phormium TENAX, the New Zealand flax, though native only in the 
southern hemisphere, has been grown in England since its introduction 
into Kew Gardens in 1789. Since then various attempts have been made 
to cultivate the plant on a commercial scale, and success has been 
achieved in such widely different localities as the north-west of Scotland, 
the south-west of England and the south-west of Ireland. No out- 
standing success has, however, been achieved in the establishment of a 
PAormiwtn-growing industry. The most recent attempt was made on 
a farm in Devonshire, where, during the few years preceding 1934, large 
acreages of the crop were grown. In the spring of 1934 a portion of this 
crop showed symptoms of iU-health. Samples of the diseased material 
were received in March of the same year. 

Symptoms of the disease 

The symptoms were confined to a small portion of the crop, which 
appears to have been neglected since the bases of the Phormium plants 
were smothered in a dense mat of weeds. The leaves show two distinct 
types of infection. In the first type oval patches of dead tissue appear 
on otherwise apparently healthy leaves. The centre of the patch is 
bleached a dirty grey, which gradually merges into a brownish grey 
towards the outside. A reddish brown margin separates infected from 
healthy tissue. This localised t)rp€ of infection is more frequent on the 
younger leaves of the fan, though not on the very young inner leaves. 
In the second type of infection whole leaves are affected. They die and 
turn a greyish brown colour, often rolling throughout their length, 
forming the ‘‘leaf tubes’’ familiar to New Zealand cultivators. The 
cuticle peels off in large flakes, exposing fungus fructifications, which in 
places give the leaf a jet black appearance. Decay of the tissues is always 
more advanced towards the tips, and it appears that infection starts at 
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the tip and spreads downwards. Early stages of infection were observed, 
in which the leaves bore only a few fructifications towards the tip. Many 
leaves are dead near the tip, but show no sign of parasitic attack, and 
it is difficult to determine how far the symptoms are due to a parasite 
and how far to poor conditions of growth. This general infection is more 
obvious on the older leaves of the plant, while here again the very young 
inner leaves of the fan are unaffected. In addition to the symptoms 
described signs of attack by burrowing and biting insects were observed 
on both healthy and infected leaves. 

Fungi associated with the symptoms 

Conidial acervuli and perithecia are abundant on the dead parts of 
the leaves. On many of the lesions acervuli or perithecia occur alone, 
while on others the two are intimately mixed. Fructifications are de- 
veloped on both surfaces of the leaf, though they are more frequent on 
the upper side, where on small lesions they occur exclusively. 

(a) Acervuli 

The positions of acervuli are marked by small, rounded or elongated, 
light-coloured patches on the surface of the leaf. The acervuli (Text- 
fig. 1 a) are typically (r/oeosparium -like in section, measuring 200-400/Lt 
across. When very numerous they occur close together, touching each 
other, and several may join to form a long streak-like pustule, running 
longitudinally between the veins of the leaf. Acervuli do not occur 
directly above the veins. They are developed within the epidermal cells, 
which later become completely disorganised. The basal stroma is made 
up of brown-black, irregularly rounded cells and is situated in the lower 
part of the epidermis. On the upper surface the stroma gives place 
gradually to a layer of more or less rectangular cells, elongated in a 
vertical direction and gradually becoming lighter in colour. The upper- 
most cells of this layer grow apart and form a hymenium of numerous 
conidiophores, cylindrical, hyaline, thin-walled, with few septa and about 
20 /A long, each bearing a solitary, terminal conidium. The conidia (Text- 
fig. 1 b) are one-celled, hyaline, slightly granular, thin-walled, 19-26 x 
5-5-7-6/x, and vary in shape from subclavate, cylindrical to ovoid- 
elliptical, occasionally irregularly curved and usually flattened at the 
point of attachment. They are produced abundantly and at maturity 
force open the resistant cuticle, w^hich opens in a jagged, more or less 
elongated slit. The conidia are extruded in an orange-red cushion-shaped 
mass. 
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Text-fig. 1. O. phaeidumorpha. (a) Transverse section. Acervulus; x530. (6) Oonidia; 
x630. (c) Oonidia germinating; x530. {d) Perithecium on upper surface of leaf; x90. 
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The oonidial stage described was identified as belonging to a fungus 
Cryptosporium rhodocydum Mont, ((ii), xxii, 1235), at one time supposed 
to be a conidial stage of one of the Dothidiales. The fungus was first 
recorded from Lisbon, under the name of Phyllosticta haematocyda Berk., 
and was later found in the Botanic Garden at Ajuda, Portugal. The 
above description agrees also with that of FiLsarium Phormii P. Henn. 
((11), XVI, 1101), a fungus found by Hennings at the Berlin Botanic 
Garden on Phormium tenax in association with Physalospora Phormii {2), 
It may, therefore, be concluded that the present fungus is identical with 
both Fusarium Phormii P. Henn. and Cryptosporium rhodocydum Mont. 
Pfaff found it occurring on the same host at Bozen in the Tyrol (9). 
Fusarium Phormii was later placed in the genus Gloeosporium and, finally, 
von Hohnel named it Gloeosporidium rhodocydum (Mont.) v. Hohn. He 
considered it identical with Cryptosporium rhodocydum Mont. Petrak(9) 
re-examined the fungus from dried material and pronounced it a typical 
CoUetotrichum without the formation of border setae. He named the 
fungus C. rhodocydum (Mont.) Pet., but did not definitely identify it 
with Cryptosporium rhodocydum Mont. It appears, however, that the 
two are identical. Thus the fungus under consideration is now named 
Colletotrichum rhodocydum (Mont.) Pet., and has been known under the 
various synonyms mentioned above. 

(6) Peritheda 

The perithecia occur all over the dead leaves, usually crowded to- 
gether, often touching each other, or fused into groups of two or three. 
They occur on both surfaces of the leaf and their position in the tissues 
varies with the surface on which they occur. Above, they develop within 
the epidermal ceils, while below they are embedded in the deeper tissues 
of the leaf (Plate I, fig. 1 and Text-fig. 1 rf). The perithecia above are 
necessarily flattened, since they occupy only the space between the 
bulging cuticle and the first layer of a resistant h}"poderm; those below 
are more or less globose. Single perithecia measure 200-300 /x in diameter, 
slightly less in depth. The wall of the perithecium is membranaceous, 
becoming brittle with age and is made up of several layers of dark brown 
cells, net-like in appearance. It is slightly thicker towards the sides than 
above and below, and it projects above in a beak-like ostiole. There is 
no definite stroma, unless it be represented by a development of branched 
hyphal strands, radiating from the walls of the perithecium and pene- 
trating far into the epidermal layer. Near the perithecia the cells of the 
epidermis are filled with such dark brown hyphae. In the case of peri- 

Ann. BioL xxm 3 
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Text-fig. 2. 0. phaeidiomorfha. (a) Tranayene leotion. Mouth of peiitbeoinin ihowing 
ejection of ueotpont; x 880. (6) Aaooaporee; x 630. (e) AMoaporei awoUen before 
germizietion; x630. (d) Aecue; x860. (e) Aecoeporee germinetingj x580. 
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theoia developed in the lower aide of the leaf these h}rphal strands 
penetrate deep into the assimilating tissue, while on the upper side they 
do not normally or only seldom penetrate the hypodermal layers of the 
leaf. Inside the peritheoium the wall gradually changes into a layer of 
hyaline cells, specially well developed near the mouth of the perithecium. 
The asci (Text-fig. 2 d) are numerous, all at one level, sessile or shortly 
stalked, cylindrical or spindle-shaped, slightly swollen, tapering below 
into a short stalk and with a truncate apex, which is thickened and 
traversed by a narrow pore. They measure 50-70 x 10-16 /it, but vary 
greatly according to the stage of development. Towards maturity they 
elongate and occupy the upper part of the perithecium. The ascospores 
(Tert-fig. 2 b and c) are eight to each ascus, arranged irregularly in two 
rows, ovoid-elliptical to oblong, seldom irregular, one-celled, faintly 
greenish coloured, granular with usually one central oil drop, and measure 
12-15 X 6-6 p, when ripe and dry. When soaked in water they elongate 
and become swollen at the ends, measuring 14-22 fi long, and becoming 
constricted in the middle. Slender, thread-like paraphyses are present in 
the young perithecium, but these become mucilaginous as the asci ripen. 

The perithecia belong to the fungus GlomereUa phcuyidiomorpha (Ccs.) 
Pet. This species was first described as Sphaeria phacidiomorpha Ces. 
and, later, erroneously named Didymella phacidiomorpha (Ces.) Sacc. 
((11), I, 539). In 1889, Hennings referred to the fungus as Phystdospora 
Phonmi^ but his report was not published, and, later, Schrdeter named 
the species P. Phormii Schroet. (( 7 ); (ii), xi, 292). TheissenCiS) in a re- 
vision of the genus Physatospora, created a new genus, Hypostegium, and 
renamed the species H, Phormii (Schrdet.) Theiss. Petrak (lO) re-examined 
the fungus and, after pointing out that it was incorrectly assigned to 
the genus Catacauma by von Hdhnel as C. Phormii, placed it in the 
genus GlomereUa as 0. phacidiomorpha (Ces.) Pet. 

The fungus appears to be widely distributed. It has been collected 
from various places in Germany and has recently been recorded from 
Latvia ( 14 ) and Kenya ( 15 ). It has not been previously recorded from 
Britain. As already stated, Hennings found the fungus in the Plant 
Houses at the Berlin Botanic Garden in 1889, occurring as a dangerous 
parasite on Phormium tenax. Kratz(7) in 1907 published an account of the 
fungus, dealing almost exclusively with the mycelium within the host 
and its effect on the different tissues of the leaf. Later publications have 
dealt mainly with the systematic position of the fungus. 

In all accounts previous to that of Petrak in 1927 no conidial stage 
is definitely assign^ to the fungus, though Hennings records having 

3-2 
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found it in association with Fusarium Phormii and suggests a possible 
relationship. F. Phormii has since been named CoUetotrichum rhodo- 
cyclum (Mont.) Pet., and in 1927 Petrak refers to this fungus as the 
conidial stage of Olomerdla phcLcidiomorpha (Ces.) Pet. His chief reason 
for placing the perfect stage in the genus GlomereUa is, in fact, that its 
imperfect stage is a CoUetotrichum, It does not appear, however, that 
any cultural work has been done in order to prove the relationship 
between the two stages. In the present case it was undertaken with this 
end in view. 


Cultural characteristics 
(1) Germination of the spores 
(a) Ascospores of GlomereUa phacidiomorpha. 

Material with ripe perithecia was placed in a damp chamber, and 
within 24 hours abundant ascospores were shot out on to a cover-glass 
placed 5 mm. above the perithecia; later experiments showed that they 
may be ejected to a distance of 1*6 cm. Microtome sections prepared 
from such material showed ascospores passing through the ostiole of the 
perithecium, one at a time. Tips of asci were observed near the ostiole, 
though it was impossible to distinguish them in the ostiole itself, while 
unripe asci were confined to the lower part of the perithecium. Thus it 
appears that as the asci ripen they elongate till their tips reach the 
ostiole. Groups of ascospores, representing the contents of single asci, 
were not found on the cover-glass, but the spores were scattered irregu- 
larly. This, taken in conjunction with the facts that the pore through 
the thickened apex is very narrow, and that the spores are found in 
sequence in the ostiole of the perithecium, appears to indicate that the 
spores are ejected singly from the ascus (see Text-fig. 2 a). 

The ascospores germinate readily in pure water within 4 or 5 hours 
of ejection. They increase in size and become markedly constricted in 
the middle just before germination. One or more terminal or lateral 
germ tubes are formed and a septum forms in many of the spores, par- 
ticularly in those with two germ tubes. Appressoria are produced in 
abundance on the young mycelium. They are dark structures, terminal 
or lateral, at first spherical and later becoming very irregular. Within 
3 or 4 days conidia, exactly similar to those of CoUetotrichum rhodocydum 
already described, are budded off from the young mycelium. A later 
stage in germination shows a much-branched, septate mycelium and 
numerous conidia and irregular appressoria (Text-fig. 2 c). 
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(6) Conidia of CoUetotrichum rhodocyclum. 

The conidia germinate in pure water, but more readily in 1 per cent, 
glucose solution or in a weak extract of Phormium leaves. Appressoria 
are formed, similar to those on the young mycelium of GlomereUa phad- 
diomorpJia, though in this case they are not so abundant. After 3 or 4 days 
the mycelium buds ofF secondary conidia, borne terminally or laterally 
on the hyphae (Text-fig. 1 c). 

(2) Cultures on artificial media 

Cultures derived from single ascospores of GlomereUa pJiacidiomorpha 
and from single conidia of CoUetotrichum rhodocyclum were grown on 
malt agar, oat agar and Phormium leaf extract agar, and on pieces of 
killed, sterilised Phormium leaf. 

On malt agar the culture of GlomereUa phaddiomorpha grows rapidly 
over the surface of the medium, at first producing only a very scanty 
aerial growth. During the first week the mycelium is colourless or greyish 
white, but at the end of 2 weeks plate cultures show a distinct concentric 
arrangement of greenish brown rings within the medium, while the aerial 
mycelium turns distinctly grey. Soon after a deep brown colour develops 
in the centre of the plate. In 3 weeks the whole culture is an even greenish 
brown, which gradually darkens to a greenish black and remains imtil 
the culture dries. The dark colour is due to the development of a tough, 
compact layer of dark, thick-walled hyphae immediately under the sur- 
face of the medium. After 4 or 5 weeks numerous dark specks appear 
in the culture. They are of the nature of stromata and are formed by 
the aggregation of the subaerial hyphae into dense knots. These stromata 
increase in size up to 1-2 mm. in diameter and give rise to dense, white 
tufts of erect, branched hyphae, bearing conidia similar in size and form 
to those of CoUetotrichum rhodocyclum. The basal stroma with its tuft of 
erect hyphae is, in fact, an indefinite conidial acervulus of C. rhodocyclum. 
No perithecia were observed in malt agar cultures. 

Cultures from ascospores grown on oat agar are exactly similar to 
those on malt. On Phormium leaf extract, agar growth is slow and scanty. 
No colour is developed and no fructifications have been observed in the 
extract agar cultures. 

When mycelium of GlomereUa phaddiomorpha is placed on the 
wounded surface of killed, sterilised Phormium leaf a dense white aerial 
growth is produced. The leaf tissues are permeated by thick, dark brown 
hyphae, which in places aggregate into dark stromata, pallisade-like in 
section, and giving rise to typical CoUetotrichum rhodocyclum acervuli. 
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Perithecia of Olomerella phacidiofM>rpha are developed a day or two 
later. 

On malt agar the mycelium of CoUetotrichum rhodocydum spreads 
rapidly and the cultures are similar to those of OlomereUa phaoidiom(>rpha 
on the same medium. Conidia are reproduced after 3 weeks, not in loose 
tuft-like fiructifications, but in compact circular aoervuli. Drops of liquid 
form near the acervuli and the conidia are extruded in an orange-red 
mass. Sectoring occurs frequently in some of the cultures (Plate I, fig. 3). 
Subculturing from such sectOTs gives cultures with smaller acervuli than 
normal, and with less aerial growth. 

On oat agar acervuli are produced in abundance and the growth is 
similar to that on malt. On Phormium leaf extract agar development is 
slow and fructifications are never produced. Conidia germinate readily 
on the wounded surface of killed, sterile Phormium leaf. Aerial growth 
is scanty, but the leaf tissues are rapidly permeated by a mycelium of 
thick, dark brown hyphae. Numerous dark stromata are produced under 
the leaf epidermis. They are composed of thick brown hyphae, arranged 
in a pallisade-like manner at right angles to the leaf surface. On the 
part of the leaf from which the epidermis was removed some of the thick 
brown hyphae project upwards to form the typical border setae of the 
genus CoUetotrichum. Gonidial acervuli are found on the stromata. Peri- 
thecia of OlomereUa phacidiotfwrpha are developed on the leaf 3 or 4 weeks 
after inoculation. The occurrence of border setae on that part of the leaf 
with the epidermis removed is interesting, since Petrak, in his identifi- 
cation of the imperfect stage as a typical CoUetotrichum without the 
formation of border setae, says that these structures are only suppressed 
due to the fact that the acervuli are developed below the epidermis with 
its thick cuticle. Their occurrence on the part of the leaf with, no cuticle 
confirms this view. 

Relation between the two fungi 

The cultural experiments prove that CoUeiotHchum rhodocydum 
(Mont.) Pet. is the imperfect stage of OlomereUa pkiwidumorpha (Ces.) 
pet. This statement is founded on the following facts: 

(1) On sterile Phormium leaf mycelium derived from a single asoo- 
spore of OlomereUa phacidiomorpha gives rise to acervuli of CoUetotrichum 
rhodocydum^ then to perithecia of OUmereUa phcuAdiornorpha. 

(2) On sterile leaf conidia of CoUetotrichum rhodocydum give rise to 
a mycelium which reproduces conidia and gives rise to perithecia of 
Olomerdla phaddiomorpha. 
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(3) Gtenninating aacospores and the young mycelium of OlomereUa 
phactdiomorpha bud off conidia similar to those of CoUetoirichum rhodo- 
cydum. 

(4) Cultures of OlomereUa phacidiomorpha on malt agar give rise to 
fructifications of CoUetotrichum rhodocydum, 

A description of OlomereUa phacidiomorpha with its conidial stage is 
as follows : 

Glomerella phacidiomorpha (Ces.) Pet. 

Sphaeria phacidiomorpha Ces., DidymeUa phacidiomorpha (Ces.) Sacc., 
Physalospora Phormii Schroet., Hypostegium Phormii (Schrdet.) Theiss., 
Catacauma Phormii (Schroet) v. Hohn.; Cryptosporium rhodocyclum 
Mont., Phyllosticta haematocyda Berk., Fusarium Phormii P. Henn., 
Oloeoaporidium rhodocydum (Mont.) v. Hohn., CoUetotrichum rhodocydum 
(Mont.) Pet. 

Perithecia solitary or two or three together, in two positions, (a) on 
the upper surface of the leaf, between the epidermis and the hypoderm, 
compressed from top to bottom, (6) on the lower surface, embedded in 
chlorenchyma, spherical; necks short, slightly protruding at maturity; 
wall of several layers, dark brown to black, membranaceous, later be- 
coming brittle. Perithecia 200-300^1 across. Asci numerous, spindle- 
shaped or cylindrical, slightly swollen, with thickened apices, 64-76 x 
10~15/x. Ascospores irregularly in two rows, one-celled, ovoid to oblong, 
hyaline, slightly granular, with central oil drop, 14-22 x 5-6 /x. Para- 
physes slender, thread-like, becoming mucilaginous. 

Acervuli numerous, circular, often joined in rows, bursting through 
the epidermis at maturity. Conidiophores crowded, cylindrical, about 
20 /i long. Conidia solitary, terminal, one-celled, cylindrical or ovoid- 
elliptical, sometimes irregular, hyaline, slightly granular, usually with 
one central oil drop, 19-26 x 5*5-7-6/x. Conidial cushions orange-red. 

Position of the perithecia in Glomerella phacidiomorpha 

The position of the perithecia in 0, phacidiomorpha is interesting. It 
has been proved as far as is possible without culturing from individual 
fructifications that the superficial and the embedded perithecia belong 
to the same species. The difference in position is, normally, a constant 
one, depending on the surface of the leaf on which the perithecia occur 
and seems to be correlated with the marked difference in anatomical 
structure between the upper and lower surfaces of the leaf. Assuming 
that the perithecia occur near the surface in response to a definite 
stimulus, e.g. a supply of air, and that the fungus mycelium is present 
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in both the upper and lower parts of the leaf, the perithecial fundaments 
will form on both sides of the leaf, just below the surface. The assimi- 
lating cells in the lower part of the leaf are readily disorganised and are 
forced apart by the developing perithecium, which grows down into the 
tissues. On the upper surface, however, the hypoderm is resistant, so 
that the perithecia are confined to the space between the cuticle and the 
first layer of hypoderm. 

On artificially infected leaves kept under a bell-jar, perithecia are, 
however, developed deep in the hypodermal layer on the upper side of 
the leaf (see Plate I, fig. 4). Such perithecia are markedly constricted in 
the middle and seem to be developed under lateral pressure from the 
hypodermal cells. In this case it seems probable that the conditions of 
heat and saturation of moisture under which the leaf is kept so lowers 
the resistance of the host tissues as to allow of the partial disorganisation 
and penetration of the hypoderm. It is interesting to note that Kratz(7) 
describes the perithecia of G, phacidiomot'pha as occurring immediately 
imder the epidermis, but figures one deeply sunk in the hypoderm. 
Possibly correlated with this is the fact that his observations were made 
on Phormium tenax grown under glass in conditions approximating those 
under which the above leaves were kept. 

This variation in position of the perithecium within one species 
raises the question of the value of fructification position as a taxonomic 
character in the fungi. The ‘‘strictly sub-epidermal position’* of the 
perithecia of Glomerella phcicidiomorpha was used by Theissen to dis- 
tinguish his new genus Hypostegium from the genus Physalospora {12), 
Other genera, too, have been subdivided on the basis of the position of 
the fructification in the host tissues. Lophodermiumi^, 4 ) has been sub- 
divided into several genera, according to whether their apothecia are 
subcuticular, subepidermal or deeper in the tissues. The occurrence of 
perithecia of Glomerella phacidiomorpha in two distinct positions, together 
with the fact that slight changes in the environment of the host appear 
to cause variations in the position of the perithecia indicates that in 
many cases this character may be of singularly little value in taxonomy. 

Inoculation experiments 
(1) Inoculations on the entire plant 

Apparently healthy plants, derived from division of the root-stock 
and potted in April 1934, were used for the experiments. The older leaves 
were cut oflf in order to stimulate new growth and to get rid of all dead 
tissue, for Phormium leaves die naturally when just over years old. 
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It was found later that the plot of Phormium from which the experi- 
mental plants were derived was infected with Olomerdla pJuicidiomofpha. 
No infection was noticed at the time of potting, and it is possible that 
the plants in the plot were infected later. At any rate the young growth 
on the experimental plants was entirely free from the fungus at the 
time of inoculation. In June, leaves of different ages were inoculated. 
Mycelium derived from a single ascospore was placed in a scalpel wound 
in the leaf, and the whole wrapped in cotton-wool. Controls with similar 
wounds but with no mycelium were set up. By December none of the 
control wounds showed any sign of infection. The inoculated wounds, 
on the other hand, developed a bright red colour, which spread longi- 
tudinally and laterally so as to form an oval patch with a bleached centre 
and a bright red margin. By October the lesions were on an average 
2 X 1 J in. and had ceased to spread. Three out of eleven bore perithecia. 
Inoculations on healthy tissue produced only this localised type of in- 
fection in the leaves. 

Suspensions of conidia on the uninjured surface of a healthy leaf 
failed to bring about infection. 

(2) Inoculations on detached leaves 

Cut leaves under a bell-jar and pieces of leaf in Petri dishes were used. 
Suspensions of conidia on the uninjured surface of the leaf failed to 
produce infection. After fixing and staining the part of the leaf inocu- 
lated, the germinated conidia were easily observed. Long straggling germ 
tubes with numerous appressoria were produced, but in no case were 
they observed to penetrate the cuticle or pass into the stomata. Sus- 
pensions of conidia on the uninjured surface of a killed Phormium leaf 
do not bring about infection. It seems, therefore, that the germ tubes 
are incapable of penetrating the thick cuticle of the leaf. 

(3) Observations on natural infections 

Further evidence as to the virulence of the fungus w'as obtained from 
observation of natural infections. The plants used for inoculation, though 
apparently healthy when potted, later showed signs of die-back towards 
the tips of the leaves, caused by the check received at the time of potting. 
The leaf tips split longitudinally along the midribs. In October, when 
fungus fructifications were observed on the experimental inoculations, 
many of the leaf-tips were obviously infected and bearing both acervuli 
and perithecia. Many of the lesions seemed to spread longitudinally 
along the split mid-rib, and it is concluded that infection took place in 
this area. The source of the spores has not been determined, but they 
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may have come firom the infected plants in the plot or from the acci-' 
dental scattering of the oonidia used in the experimental inoculations. 
Similar infection of the dying tips was observed on detached leaves 
under controlled conditions. A young leaf, showing no sign of infection, 
was sterilised on the surface and inoculated on both the upper and lower 
surfaces, and kept under a bell- jar. The experimental inoculations were, 
as before, unsuccessful, but infection developed on the yellowing leaf-tips 
and spread downwards as the leaf died. Acervuli were produced on the 
dead tissue, and fungal hyphae were abundant in the yellowing region. 

Pathogenicity of the fungus 

Hennings (2) describing the fungus as he found it in the plant houses 
of the Berlin Botanic Garden, stated that it is a dangerous parasite, 
producing large brown spots on the Phormium leaves, especially towards 
the tips. Later, he said, the whole leaf tends to die. 

Eratz ( 7 ) stated that the germ tubes do not enter through the stomata, 
but must do so either through wounds or by penetration of the cuticle. 
He describes how the mycelium attacks the various tissues of the leaf. 
The central water-storage tissue is least resistant, while the fibres are 
scarcely, if ever, attacked. At first an intercellular mycelium with 
haustoria and later an intracellular mycelium is formed. 

The results of present inoculation experiments show that the fungus 
is only weakly parasitic. That it is more than a saprophyte is proved by 
its ability to produce a lesion on healthy tissue. The spores do not seem, 
however, to be able to penetrate healthy uninjured leaves. It appears 
that the germ tubes enter through wounds, and that the fungus is capable 
of extensive growth only in an already weakened host. The symptoms 
observed on the original material can be explained on this principle. It 
seems that in the infected crop the plants were in very bad health, due 
no doubt to their neglected condition. The resistance of the whole plant 
was lowered and the leaves themselves were suffering from die-back, with 
consequent splitting of the leaf-tips. Invasion of such leaves at the tip 
seems to account for tile general infection observed in the plants. Insect 
injury on the young, more vigorous leaves seems to account for the more 
localised type of infection. 

Economic importance 

The fungus, though only weakly parasitic, may be dangerous. If the 
iq>asmodic attempts to cultivate Phormium ienax in Britain ever lead to 
^ ,e8tablii^iin?^t of the industry, the fungus seems to be a potential 
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source of danger to crops of lowered vitality. Such a condition may be 
brought about by drought and neglect of proper cultivation. At present, 
however, the disease is of little economic importance in Britain. The im- 
perfect stage of the fungus, under the name Fusarium Phormii P. Henn., 
has been recorded from New 2^aland, where Phormium is grown exten- 
sively for its fibre ((i), p. 48). It is described as causing large blotches 
on the leaves, but does not seem to have been investigated, though 
recognised as a destructive fungus. Until comparatively recently the 
supplies of Phormium were obtained solely by cutting the virgin swamps, 
and it is only since the start of cultivation that notice has been directed 
to the parasites of P, ienax. Such notice has, so far, been chiefly con- 
cerned with the insect pests of the plant. 

Summary 

1. GlomereUa phaddiomorpha (Ces.) Pet. has been found to be the 
cause of a disease of Phormium ienax in England. This is the first record 
of the fungus in Britain. 

2. The fungus is only weakly parasitic, and is of danger only to 
plants of lowered vitality. 

3. The imperfect fungus Colletotrichum rkodocydum (Mont.) Pet. is 
shown to be a conidial stage of GlomereUa phaddiomorpha, 

I wish to express my indebtedness to Mrs N. L. Alcock, Plant 
Pathologist to the Department of Agriculture for Scotland, who supplied 
the material of Phormium tenax^ and to Dr M. Wilson, Mycology Depart- 
ment, University of Edinburgh, who supervised the work. 

REFERENCES 

(1) Atkinson, E. H. (1922). Phormium ienax. The New Zealand fibre industry. 

Dtp. Agric. Bull. N.Z. No. 95. 

(2) Hennings, P. (1898). Die in den Gew&chshltusem des Berliner botanischen 

Gartens beobaohteten Pilze. Verh, hot. Ver, Brandenburg^ xl, 157. 

(3) HdHNEL, F. VON (1917). System der PhaokHales v. H. Btr. dUch. hoi, Qts , 

XXXV, 415>22. 

(4) (1917). Uber die Gattung Lophodermium Chevallier. Ann. myeol., Beii., 

XV, 311-13. 

( 5 ) (1920). Uber PKysaloapora Phormii Schrciet. und Fuearium Phormii 

P. Henn. Ibid, xvin, 91. 

(6) Kntx, T. W. and Cockayne, A. H. (1909). Peets and diseases of New Zealand 

Phormium. Rtp. Dtp. Agric. N.Z, p. ^8%. 

(7) Kbate, C. (1906-7). t)ber die Besiehunffen der Mycelien einiger saprophytisoher 

Pyrenomyoeten zu ihrem Subetrat. aedwigia, xlvt, 19-21. 

(8) Miller, D. (1917). Pests and diseases of New 2k>aland Phormium. Progress of 

the investigation. N.Z. J. Agric. xiv, 431. 



44 G. phaoidiomorpha {Cea.) Pet. on P. tenax in Britain 

(9) Pbtrak, F. (1927). Uber Fuaarium Phormii P. Henn. Ann, mycol,, BerL, 
XXY, 249. 

(10) (1927). tJber Phyaalospora Phormii SchrOet. Ibid, xxv, 251. 

(11) Saooardo (1882-1913). 8yU, Fung, i, 569; xi, 292; xvi, 1101; xxn, 1235. 

(12) Thsissbn, F. (1916). Beitr&ge ziir Revision der Gattung Phyaaloapora, Vtrh, 

zool,-bot, Oes, Wien^ Livi, 366-400. 

(13) New Zealand Flax. Kew BuU, (1919), p. 169. 

(14) iJcp. Latvian Inst, Plant Protection (1917-8), pp. 8-9. 

(16) Rep, Dtp, Agric, Kenya (1930), pp. 464-79. 


EXPLANATION OF PLATE I 

Fig. 1. Longitudinal section of leaf of Phormium tenax, showing peritheoia of Olomerella 
phwidiomorpha in two positions, x 60. 

Fig. 2. Infection lesion on leaf of Phormium tenax. Nat. size. 

Fig. 3. 3 weeks old culture of QlomereUa phaeidiomorpha, showing sectors. Slightly 
reduced. 

Fig. 4. Longitudinal section of leaf of Phormium tenax, artificially infected, showing one 
normal perithedum and one constricted perithecium of QlomereUa phacidiomorpha, 
x60. 
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I. Introduction 

Van der Laar(12) studied Ophiobolus graminis Sacc. and 0. herpotrichus 
(Fr.) Sacc. in pot experiments in an attempt to difiFerentiate them into 
strains on a basis of host reaction. He proved the existence of two 
strains of 0. herpotrichm, both of which could attack Bocumer winter 
barley, whereas only one of them infected Wilhelmina wheat. He found 
no such differentiation in the case of 0. graminis. It is to be noted that 
the measure of differentiation was a very broad one, namely, suscepti- 
bility or immunity of the host. No account was taken of the degree of 
injury produced, so that possible quantitative differences were not 
observed. 

As indicated by the work of Kirby (S) 0. graminis hsis a wide host 
range amongst the Qramineae, many genera being susceptible. Padwick 
and Henry (9) likewise found that the fungus has a wide distribution in 
this family, although there were noticeable differences between the resic- 
tions of the various grasses studied. In a fungus of such broad capa- 
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bilities as a parasite one might suspect a lack of specialisation or division 
into biologic strains. 

Eu68el(U) conducted extensive tests in pots of sterilised soil and in 
the field, using heavy inocidations with 0. graminia grown on oat hulls. 
A hundred varieties of wheat belonging to eight subspecies of Triticum 
were all very susceptible to this fungus. Different isolates varied greatly 
in their ability to attack wheat, and certain isolates when tested at 
different times varied considerably in their pathogenicity. It is im- 
portant to note that the infection conditions were decidedly favourable 
for the parasite, with the result that only highly resistant varieties could 
be expected to survive. 

Krebs (7) discovered two strains of 0. graminis, one having a tem- 
perature optimum for infection at 12-15° C., and the other at 24° C. 

Other characteristics besides pathogenicity may be of importance 
from a practical standpoint. Ability to grow or survive in various con- 
ditions of soil temperature, moisture, acidity, aeration, etc., undoubtedly 
play an important part in the life history of this fungus, and some of 
these points are studied here. 

II. Experimental 
(a) Materials 

The author is indebted to Dr Henry of Alberta and Mr Garrett for 
their assistance in supplying isolates of 0. graminis from which hyphal 
tip cultures were made (see Table I). 


Table I 

Culturefl used in experimente 


Isol&te 

No. 

r 

OriginAl inoculum 

A 

^ 

Source of culture 

2 

3 

4 

K 

Original isolate of myoelium 
»» 

Triticum vulgare, Canada 

?» It 

t* It 

o 

0 

7 

4 A 

»* 

Hyphal tip 

ft If 

ft ft 

ft It 

8A 

«» 

ft tt 

102 A 


Agrcpyron tenerum^ Canada 

108 A 


A . repent, Canada 

201 A 


Triticum vulga/rt, England 

mk 

iD56 

** 

Single asoospore 

ft ft 

ft ft 

302‘ 

Hyphal tip 

Hordeum murinum, Anstndia 


These stock cultures were kept on potato dextrose agar. 

The following nutrient media were used, with 20 gm. of agar per litre; 
in each case the figures represent grams per litre: 

(1) Cofrot dextrose: extract of 200 gm. of steamed carrots; glucose 20. 
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(2) PoMo dextrose : similar to (1) but with potato rejdacing carrot. 

(3) Plain agar. 

(4) Oatmeal : extract of 60 gm. of Quaker oats. 

The varieties of cereals used in host reaction studies were : Triticum 
vulgare, vars. Red Fife, Little Joss, Square-head, Reward; T. mono- 
coccum; T. dicoccum; T. speUa. Hordeum mtlgare, var. Plumage Archer. 

Inoculum for infecting soil in host reaction studies was prepared by 
growing the fungus in a mixture of 5 per cent, commeal and 96 per cent, 
soil moistened with water and stenlised at 20 lb. pressure for 1 hour. 
Inoculum of this type gives excellent growth of the fungus and subse- 
quently heavy infection; it can be distributed evenly in the soil; and it 
dispenses with the unsatisfactory practice of adding excessive quantities 
of organic matter to the soil. 

(6) Effect of temperature on growth 

The effect of temperatures from 12 to 36® C. on the rate of linear 
growth on carrot dextrose agar is shown in Table II. In this experiment 
seven isolates were chosen especially for the variation of their sources 
of origin. The figures in Table II are the averages obtained from five 
series of plates each of which was inoculated at the centre with a circular 
slice, 2 mm. in diameter, taken from a 7-day-old culture. 

Table II. Average daily increase in diameters of colonies y in mm. 


* Isolate 


Temp. 

^ 



A 



X 

®C. 

4 A 

8 A 

102 A 

108 A 

201 A 202 A 

206B 

12 

0’2 

01 

0 

0 

2-4 

1-0 

2-4 

16 

40 

4-7 

1-9 

16 

6*6 

6-3 

6*5 

20 

S-4 

10-2 

5*7 

63 

8-6 

8*7 

8*8 

2S 

10-7 

11-3 

9*9 

11*9 

9-8 

11-2 

10*2 

30 

2-6 

01 

0 

0*2 

8-6 

4-9 

3*8 

36 

0 

0 

0 

0 

0 

0 

0 

In all cases the best growth occurred at 25' 

’C. 

Furthermore, at that 


temperature there is remarkably little difference between different iso- 
lates in linear growth rate. However, there are marked differences in 
the range of temperatures over which the isolates are able to grow,* some 
growing with rapidity at both high and low temperatures (e.g. isolate 
201 A) at which others remained at rest. The English isolates show a 
wider range for growth than the Canadian ones. 

(c) CuUwal characteristics 

Six Petri dishes of carrot dextrose agar were inoculated with young 
growing cultures of each of eight isolates, and were incubated at 
26® C. 
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The tabulated description in Table III was made after 25 days. The 
“twisting of hyphae” referred to is seen without the aid of a lens and 
is associated with the formation of strands by the close association of 
groups of single hyphae. The macrohyphae are those described by 
Fellows (4). It is to these that the coloration of the colonies is due and 
not to any marked coloration of the medium. Their importance will 
become evident later on in this work. It is seen that in these respects 
the isolates vary greatly on carrot dextrose agar. 

Table III 

Appearance of cultures after 26 days on carrot dextrose agar at 26° C. 


Isc^ate 


Twisting of 

• 

No. 

Aerial myoelium 

hyphae 

Macrohyphae 

4 A 

Dense 

Slight 

Few 

8 A 

Negligible 

None 

Many 

102 A 

108 A 

Long and slender 
Negligible 

Slight 

Strong 

Moderate number 
None 

201 A 

Negligible 

None 

Very few 
Moderate number 

202 A 

Sparse and uneven 

Strong 

205 B 

N^ligible 

Slight 

Very many 
Moderate number 

302 

Negligible 

Slight 


They were also grown on plain agar, on which all isolates failed to 
produce macrohypha, although spreading fairly rapidly over the surface 
of the agar and forming a very meagre mycelium. The production of 
these macrohyphae is therefore dependent upon the substrate on which 
the fungus is grown, as well as on the inherent nature of the strain 
concerned. 

(d) Saltation 

The mutability of isolates for various characteristics has been ob- 
served by a number of workers, and especially by Russel (ii), but the 
actual occurrence of saltations in situ has not been reported. 

In November 1934 a culture of isolate 108 A on carrot dextrose agar 
was found to have some small raised lumps of aerial mycelium, none 
more than 2 mm. in diameter, scattered in various parts of the dish. 
These were taken with a fine wire needle, the surrounding agar con- 
taining hyphae being first removed. These erumpent masses were placed 
to grow on potato dextrose agar, and at the same time normal hyphae 
were transferred to other tubes. By the time the fungus had reached 
the edge of the tubes in the case of the normal hyphae, those from the 
erumpent masses had only just commenced visible growth. From then 
on, however, they rapidly covered the surface of the agar. There was 
considerable difference in the appearance of the colonies; those from 
normal hyphae were quite white; those from the erumpent masses 
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were very dark, thick masses of black strands being produced mainly 
a^the point of contact of the glass and the agar. They were found 
to remain constant for at least four subcultures. The new isolate is 
pathogenic. 


(e) Survival of desiccation 

Ability to survive unfavourable conditions of the environment 
must naturally play an important part in the life of an organism like 
0. graminis. Desiccation is probably of special importance in many 
wheat-growing countries such as Australia and Canada, where summer 
droughts are common in which the top soil may become very dry. At 
a time when many workers are concentrating on the question of the 
.^survival of this fungus in soil, some knowledge of the reaction of various 
strains is of value. Furthermore, it has been shown that the isolates 
used in this study vary greatly in their production of macrohyphae in 
agar cultures, and the possibility was entertained that they might enable 
the fungus to survive desiccation. 

Two experiments were conducted. In the first, six isolates were used 
for comparison, three of which produced macrohyphae fairly abundantly 
on potato dextrose agar (Nos. 4, 6 and 7) and three of which failed to 
produce them (Nos. 2. 3 and 5). Petri dish cultures on potato dextrose 
agar were cut into 2-mm. squares to the full depth of the agar (1-2 mm.). 
These pieces were removed to glass slides and placed in a desiccator over 
calcium chloride. They were allowed to remain there for periods of 8, 14 
and 22 days. At the end of each period ten pieces from each isolate 
were removed to dishes of potato dextrose agar, w hich w’ere placed at 
25° C. to determine the number of pieces still viable. During the diyring 
process the pieces of agar had become shrunken and so dried on to the 
glass slides that they could only be removed by allowing them to soak 
in sterile water, in which manner they regained their normal condition. 
The number of pieces showing grow th were recorded at frequent intervals. 

In the second experiment 60 per cent, sulphuric acid was used for 
drying eight different isolates grown on carrot dextrose agar. The cultures 
were dried by suspending them over the acid in large covered glass dishes. 
At various times a culture of each isolate was moistened and ten pieces 
from various portions were placed on potato dextrose agar. 

The number of portions of cultures showing growth, out of ten pieces 
plated from each isolate, are shown in Tables IV and V. 

In both experiments the isolates varied appreciably in ability to 
withstand desiccation. There was correlation between the presence of 
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Table IV 


Viability of cultures of Ophiobolus graminis 
dried over calcium chloride 


No. of days 
drying 

8 


14 


22 


No. of days 
drying 

2 


0 


15 


Isolate 

4 

6 

7 

2 

3 
6 

4 
0 
7 
2 

3 
6 

4 
6 
7 
2 
3 

5 


Presence ( + ) or 
absence ( - ) of 
macrohyphae 

+ 

+ 


+ 

4 - 

+ 


+ 

+ 

4 - 


No. of pieces growing after 


/ 

6 days 

4 

2 

3 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 


13 days 

8 

7 

7 

0 

3 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 


19 days 


1 

1 

4 

1 

0 

0 

0 

0 

1 

0 

0 

0 


Table V 

Viability of cultures of Ophiobolus graminis 
dried over 60 j>er cent, sulphuric acid 


No. of pieces growing after 


Isolate 

Macrohyphae 

4 days 

12 days 

30 days 

4 A 

Very few 

10 

— 

— 

8 A 

Many 

10 

— 

— 

102 A 

Very few 

10 

— 

— 

108 A 

Few 

10 

— 

— 

201 A 

None 

10 

— 

— 

202 A 

Many 

10 

— 

— 

206 B 

Very many 

10 

— 

— 

302 

Many 

10 

— 

— 

4 A 

Very few 

10 

10 

10 

8 A 

Many 

10 

10 

10 

102 A 

Very few 

0 

1 

4 

108 A 

Few 

5 

6 

0 

201 A 

None 

0 

0 

0 

202 A 

Many 

0 

0 

0 

205 B 

Very many 

10 

10 

10 

302 

Many 

0 

0 

4 

4 A 

Veiy few 

0 

0 

0 

8 A 

Many 

10 

10 

10 

102 A 

Very few 

0 

0 

0 

108 A 

Few 

0 

0 

0 

201 A 

None 

0 

0 

0 

202 A 

Many 

0 

1 

2 

205B 

Veiy many 

10 

10 

10 

302 

Many 

0 

10 

10 
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macrohyphae and ability to withstand desiccation, the only exception 
being No. 202 A, which, though showing many macrohyphae, was rather 
susceptible to injury. There was no relation between resistance and the 
source of origin of the isolate. 


(/) Differential host rea^Aion 


Extensive experiments carried out by Russel and experiments on a 
smaller scale by Van der Laar have so far failed to demonstrate re- 
sistance to 0. graminis by wheat varieties, and even by species of 
Triticum other than T. vulgare. For the three experiments described 
here small degrees of infection of the plants were aimed at. Several 
isolates of Ophioboltts graminis were used, since it seemed advisable to 
obtain a maximum variability of both host and parasite. It is only by 
doing this that we can hope to obtain any evidence of that small degree of 
resistance which might be used as a starting-point for the plant breeder. 

The method used for all three experiments was fundamentally the 
same. The fungus was grown for 17 days in cornmeal soil. Similar soil 
containing no fungus was used for the controls. Flower pots, size in., 
were two-thirds filled with sandy loam (Slough) soil sterilised for 2 hours 
at 20 lb. pressure and were then left for 1 day. On the day that the 
pots were partly filled the soil inoculum was removed from the flasks 
and air-dried, and on the following day 5 gm. were scattered evenly 
over the surface of the partly filled pots. On top of this inoculum were 
distributed twenty-five seeds of grain, and these were covered with 
sterilised soil and watered. Five pots were used for each treatment. The 
pots were kept at room temperature, varying from 10 to 16*^ C. 

When the control plants of the largest varieties were about 250 mm. 
long, all the plants were removed and measured to the nearest mm., 
from the base of the stem to the tip of the longest leaf. 

For statistical treatment plants from all five replicates were bulked. 
Standard errors of plant lengths were calculated according to the method 
of Fisher ( 5 ). The ‘‘injury index” is the value given by the formula 


j . . j A Length of mfected plantsX 

Injury index = 1 1 ~ 4.-^1 1 x 100. 

V Length of controls / 


That is to say, the injury index is the percentage difference in height 
between the infected plants and the controls. This injury index is there- 
fore a difference, so that 


s.E. of injury index 


= [V (s.E. of controls)* -+■ (s.E. of infected plants)*] x . — — r — > i- . 

^ length of controls 


4-2 



50H 


40H 


30-4 


2(H 


loH 
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Experimental combinations : 

Exp, 1. Ophiobolus graminis isolates 4 A, 102 A, 201 A; differential 
hosts Triticum vulgare, vars. Red Fife, Little Joss, Reward, 8quarehe€wi, 
and Hordeum vulgare, var. Plumage 
Archer. 60 -i 

Exp, 2, Ophiobolus graminis iso- 
lates 201 A, 202 A, 206 B, 4 A, 108 A, 

102 A, 8 A; differential hosts Triticum 
vulgarCy vars. Red Fife and Little 
Joss, T, monococcum, T, dicoccum, 

T, spelta, 

Exp, 3. Ophiobolus graminis iso- 
lates 205 B, 302; differential hosts as 
in Exp. 2. 

The results of Exp. 1 are shown 
in Table VI and Fig. 1, and those 
of Exps. 2 and 3 are combined in 
Table VII and graphically repre- 
sented in Fig. 2. When these tables 
are examined as regards the injury 
indices, either from left to right across Fig. l. Injury indices (percentage reduction 
the columns, or from top to bottom I" differential ho«ts attacked 

down the columns, it is at once seen 

that the injury indices fall steadily with almost unbroken regularity. 
Where they fall out of order the derangement is slight and usually not 
mathematically significant. We may conclude, therefore, that the isolates 
causing most severe injury to one of the hosts will also cause most severe 
injury to the others. The converse is also true, that the hosts which suffer 
least injury from one isolate will also suffer least injury from other isolates. 
This is the reverse of physiologic specialisation. 

Table VI 

Injury indices of Ophiobolus graminis on 
differential hosts — Exp, 1 



Isolate 

No. 

Squarehead 

Little Joss 

Red Fife 

Reward 

Plumage Archer 

201 A 

391 ±2*5 

37-8 ±1-9 

29-5 ±2-5 

30 0 ±20 

20-6 ±1-8 

4 A 

8-2 ±2-4 

9-3il-6 

4-5±l-7 

2-3 ±1-3 

65 ±2-3 

102 A 

3*7 ±1-8 

-M±M 

0-6 ±1-4 

l-4±l-7 

0-6 ±21 


Infection ratings, based upon the amount of discoloration produced, 
used by various workers (3), were also made, but the degree of differen- 
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tiation was not easy to ascertain, although the results agreed in a general 
way with the injury indices. It was evident, however, that it was possible 
to get a marked discoloration of root and stem tissue and yet little 
reduction in the length of the seedlings. On the other hand, Hordeum 
vulgare showed no discoloration of tissue, although isolate 4 caused 
significant reduction in length of the plants. 


Injury index 

- 70-, 



Fig. 2. Injury indices (percentage reduction in length) of differential hoets attacked by 
Ophioholus graminis (Exps. 2 and 3). 


Table VII 


I y} jury indices of Ophiobolus graminis on 
differential hosts — Exps. 2 and 3 


Isolate 


T. vulgare, var. 

T. 

vulgare, var. 


No. 

T. spelta 

Little Joss 

T. monococcum 

Red Fife 

T. dicoccum 

201 A 

60 0 i4-5 

35*3 ±1-7 

42-7 ±2-4 

37-4 ±2-1 

36-2 ±3-0 

205 B 

51-7 ±5-3 

28-6 ±20 

25-5 ±2-6 

26-2 ±2-1 

20*4 ±2-8 

205 B* 

46-3 ±2-9 

33 5 ±1-6 

24-0 ±2-1 

J7-7±20 

14 2 ±2-6 

108 A 

38-7 J:5-6 

U*3±l-8 

20-5 ±20 

12-8±l-6 

18-9 ±2-7 

4 A 

33-5 ±5-3 

23 7 ±1-7 

7-5 ±2-0 

16-4 ±1-8 

15-8 ±2-8 

302* 

220 ±5- 1 

19-5±l-9 

10-0 ±2-0 

7-9 ±2-2 

8-7 ±2-7 

202 A 

18-3 ±5 7 

120 ±1*6 

7-5 ±2-0 

6-7 4:1-6 

ll-2±29 

8 A 

9-6 ±6-2 

11-2 ±1-6 

50 ±21 

9-7 ±1-7 

7-7 ±2-9 

102 A 

5-2 ±5-3 

12-2±l-5 

-4-6±l-9 

2-6±l-7 

-2 0 ±2-3 


♦ Data from Exp. 3. 


Miiller-K6gler(8) criticises the use of secondary indices, such as in- 
fection ratings on a colour basis, in determining the degree of infection 
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of plants. He points out that the base of the stem of barley is not 
blackened even after 2^ months in unsterilised soil, although infection is 
severe as shown by microscopical examination. He recommends as a 
method of diagnosis the presence of dark hyphae on the surface of the 
roots, in their epidermal cells, and in the intercellular spaces of the outer 
cortex, and also microhyphae in the central cylinder and in the vessels. 
Unfortunately it is impossible to adopt these methods on a scale suffi- 
ciently extensive for the purpose in question, and a secondary index such 
as* the injury index used here probably gives a composite picture of the 
total effects of the invasion of the various portions of tissue. In the 
circumstances it is a more useful criterion than colour description. It 
would be well to reserve these infection ratings for experiments in which 
varying conditions are compared with one single variety, and not to 
introduce them in a comparison of different varieties. 


III. Discussion 

The cultures of Ophiobolus graminis obtained from various sources 
have been referred to as ‘^isolates The terminology of fine divisions in 
fungi has been considered by Brierley(2), so that there is no need to 
discuss it here. No matter how they arose, whether as “continuous’’ or 
“discontinuous” variations, the isolates described here exhibit differences 
sufficient to warrant the use of the term “strains”. 

The conditions influencing the survival of 0, graminis in the soil 
are at the present time being widely studied. Russel (ii) found that 
0. graminis survived in unsterilised soil for at least 2 years and then 
caused severe injury to wheat; Pad wick (lO), in experiments using a 
similar technique and a similar type of soil, found that it had become 
almost innocuous in 2 months. Such differences may well be explained 
on the basis of strain differences, as indicated by the experiments on 
temperature curves and desiccation. 

Aamodt(i), who has discussed physiologic specialisation from the 
plant breeder’s point of view, points out that the existence of a large 
number of strains of a pathogenic fungus need not be regarded as 
rendering the task for the plant breeder impossible, since in many cases 
they may be divided into a few groups from the point of view of patho- 
genicity. In fact, the occurrence of marked specificity, of which the 
best-known example is in Pucdnia graminis, may be considered some- 
what encouraging, since it is evident that there is no strain of the fungus 
to which some wheat variety is not resistant. Thus there is a place for 
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the plant breeder to start operations. When dealing with less specialised 
parasites it may well be a difficult problem to find a starting place. 

The experiences of several workers have suggested that it might be 
impossible to discover varieties of common wheat resistant to Ophioholus 
graminis, and even species of Triticum other than T, mdgare have proved 
unpromising (11). This may be in part due to the exceptionally heavy 
inoculations commonly given, and in part to the manner in which data 
were taken. Thus in some instances attention was paid mainly to the 
number of plants attacked in pots of soil heavily infested with vigorous 
cultures, and usually all the plants were attacked. The experiments re- 
corded here indicate that there is a degree of variation in injury suffered, 
at least in the seedling stage. None of the varieties used, however, offer 
any marked degree of resistance. 

Although the strains studied varied widely in their pathogenicity, 
no specificity was exhibited towards any of the hosts used. The host 
range, although small, was widely divergent in characteristics. High 
susceptibility towards one strain was accompanied by high susceptibility 
towards the others, which is the reverse of what holds with many obligate 
parasites, notably Puccinia graminis. 


IV. Summary 

1. Isolates of Ophiobolus graminis compared were obtained in 
England, Canada and Australia from the following hosts: Triticum 
vulgare, Agropyron tenerum, A. repens and Hordeum murinum, 

2. The optimum for growth of all isolates studied on carrot dextrose 
agar was in the neighbourhood of 25° C. They varied in their ability to 
grow at temperatures above and below the optimum. 

3. Isolates vary in type of growth on carrot dextrose agar, the most 
noticeable difference being in the production of macrohyphae. 

4. Saltation leading to the abundant production of black strands of 
macrohyphae by a culture producing very few was observed. 

5. There are distinct differences in ability to survive desiccation over 
calcium chloride or 60 per cent, sulphuric acid. There seems to be some 
relation between the presence of macrohyphae and ability to withstand 
desiccation. 

6. Isolates exhibit marked differences in general pathogenicity, but 
these differences are not specific towards certain hosts. Those causing 
greatest reduction in length of plants of Triticum speUa also caused 
greatest injury to T. dicoccwwi, T, monococcumy T. vulgare varieties and 
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Hordeum wlgare. Conversely, hosts most resistant to one isolate were 
also those most resistant to the others. 

The writer wishes to thank Prof. W. Brown for advice in preparing 
this manuscript. 
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Tulip Fire 


Introduction 

The tulip crop is one of increasing importance, and it is stated of one 
variety alone (William Copeland) that at least 20,000,000 are grown 
annually (2). Any factor, therefore, that can be so devastating as to make 
the bloom from the crop of little or no value is one worthy of fuller 
investigation. Such a factor is the organism that causes the fire disease. 
The present writers have studied various aspects of this disease in 
different localities, and they have co-operated in expressing the results 
of their findings so that a clearer view may be taken and result in a more 
efficient control of the disease in the forcing house and field. 

Names 
(a) Disease 

The name “tulip fire is generally familiar to growers, and with a few 
exceptions is the name used by them. Fire is the same as the Dutch 
name of the disease “vuur’’, and it is probable that the English name 
was adopted from this. Prof. Westerdijk informs the writers that the 
first use of this name in Holland is uncertain. In England it is referred 
to by Jacob in 1912(26). 

Other names of the disease are tulip mould (32, ii), Botrytis disease 
and Botrytis blight (22). None of these seems as good as tulip fire, and 
this is the name adopted by the British Mycological Society (7). The 
name “ spot is also sometimes used for certain phases of the disease ; some 
growers imagine that this is a disease distinct from fire, but this is not 
the case. 


(h) Fungus 

The name adopted by the British Mycological Society is Botrytis 
Tulipae (Lib.) Lind (7), replacing Sderotium Tulipae Libert (1830) and 
Botrytis parasitica Cavara (1888), and also B, Tulipae (Lib.) Hopkins. 
The writers consulted the Plant Pathological Laboratory, Harpenden, 
on the grounds for this latter replacement. From them it is learned that 
the combi^tion was first made in 1913 among the errata to Lind’s 
Danish Fungi as represented in the Herbarium of E, Rostrup (p. 660), as 
it was discovered that the name B, parasitica had been used by Fries 
for the fungus now known as Peronospora parasitica. The specific name 
win appar&tly derived by Lind from the Sderotium Tulipae of Madame 
M^rt. Klebahn (29) took exception to any such derivation of the specific 
name on the ground that it was no longer possible to prove that the 
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sclerotia named S, Txdipae are indeed those of the “fire” fungus by 
obtaining the Botrytis from them. 

On this point the writers obtained the opinion of Miss E. M. Wakefield, 
The Herbarium, Royal Botanic Gardens, Kew. She states, in lit,: “The 
question whether you should cite Lib. in brackets for the combination 
Botrytis TuUpae is a matter of taxonomic opinion, namely whether 
Sderotium Tidipae Lib. is actually the same fungus as the Botrytis. 
Personally I think there is no doubt. I have examined the Kew example 
of Crypt. Axd. No. 36, and can see no difference of structure between 
these sclerotia and dried sclerotia of B. Tidipae. Klebahn (Jh. Hand), 
wiss. Anst. XXIV, 3 Beiheft, 1907, p. 6) says that he examined the 
specimen at Berhn and that Mn appearance it corresponds exactly with 
the sclerotium of Botrytis parasitica^ only the hyphae in the sclerotium 
are slightly less thick and have a somewhat more swollen wall’, . . .Also 
he admits ( 29 ) that Scl. Tidipae Lib. is probably the sclerotium of the 
‘ fire ’ fungus. . . . Further, Cavara quoted Sd. Tidipae as a synonym when 
he was describing B. parasitica, and Lind does so also in the body of his 
work. Therefore I think it is fair to assume that when Lind changed the 
name to B. Tulipae in his errata he had Madame Libert’s specific epithet 
in his mind and was using it in his new combination.” 

Distribution 

Tulip fire is to be found wherever tulips are grown. Early records are 
Belgium 1830, Italy 1888, Holland about 1885, Norway 1890, Germany 
1902(22). It has also been recorded in Denmark (45) and Russia (22). 

In England the first published reference probably is that made in 
1889(43), and some years later in 1897 (6) specimens were sent to the Royal 
Horticultural Society. Massee was familiar with it in 1899(32), and 
Carruthers reported its occurrence in 1900 in Herefordshire (9). 

As there were so few early English records that mentioned this disease 
it was thought of some interest to examine herbarium specimens of tulips 
and to see if any of them showed “spots” that might be attributed to 
this fungus. In the Herbarium at the Botany School, Cambridge, speci- 
mens were examined from two collections of Tulipa sylvestris L., and in 
both cases on certain specimens a few fleckings were observed, and these 
appeared similar to the spots that are caused by the fire fungus. In one 
case the specimen was from Forfar, dated 1847, and was from Babington’s 
collection. The other was from the collection of T. Martyn, Professor of 
Botany at Cambridge University, 1761-1825. The specimen was dated 
1762 and probably came from the Botanic Gardens. Although this 
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matter cannot be pursued in further detail, it is thought of interest to 
record, since it seemed unlikely that this crop, that has for so long a 
period aroused the interest of amateur and professional growers, had 
escaped attack. 

Since the inception of the reorganised Advisory Service (about 1922) 
the disease has been recorded every year in many counties (i,8, 4). It is 
common also in Scotland (5) and Ireland. In America the first record, 
1901, is by Hal8ted(i9) in New Jersey. Numerous later records (12, 13, 
20,25,30,31,39) indicate that the disease is common throughout Canada 
and the United States. 


Economic importance 

Fire is the most serious disease that attacks the tulip crop, and the 
annual losses are large and particularly so in certain seasons, but statistics 
that deal with these are not available, and it would serve no useful 
purpose here to quote the financial losses of individual growers. It is 
sufficient to say that in a bad attack, in the forcing house or field, the 
bloom is unmarketable and valueless. The direct loss to the bulb crop 
on account of diseased bulbs is small even when the flowers are spotted, 
but the indirect loss is by no means negligible in crops intended for bulb 
production, where the flowers are “topped”. A substantial proportion 
of the increase in size and weight of new bulbs already formed is made 
during the period subsequent to “topping”. Early withering of the 
foliage caused by the disease is sufficient to reduce the number of bulbs 
attaining the larger and more valuable grades. Heavy spotting is enough 
to induce such premature withering without the development of fire 
lesions. 

Severe losses by fire were reported in England in 1924 (i), in Holland 
on Murillo tulips in 1925(37), and in Canada(25) and U.S.A.(31). It was 
bad also in Canada in 1927 (12, 13), and 1928 and 1930 were bad seasons 
in south-west England (3). In west Cornwall in 1927 and 1928, fire w^as 
so severe that several growers were unable to market their bloom. In 
the latter year the disease was also bad in East Anglia. In 1929 the 
season was a good one in both Provinces, and although many blooms 
were spotted they realised a good price. It should be stated here that 
spotting does not always make a crop unsaleable; it is when the petals 
are blistered that the disease makes the bloom definitely unmarketable. 

In the forcing house total loss is a common penalty for the smallest 
neg^bot, as care and experience in preparing the boxes and subsequent 
management of the crop is essential if fire is to be avoided. 
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Host specialisation 

Botrytia Tulipdc is found only on tulips. Other species of Botrytis are 
found on many other plants and are not distinguishable from B. Tidipae 
except in artificial culture. This fact probably explains reports of the 
occurrence of tulip fire on other hosts, e.g. on hyacinths, narcissi and 
crocuses in Denmark ( 46 ) and of B, Paeoniae passing from lily of the valley 
on to tulips under glass in Germany (16). 

B. galanthina on snowdrops is very similar to B. Tulipae, and Smith 
thought it was the same fungus ( 43 ). Massee knew that the fungi were 
distinct and that cross-inoculations were unsuccessful ( 33 ). 

Hopkins (22) inoculated lily of the valley, onion, lily, narcissus, hya- 
cinth, crocus, gladiolus, paeony, potato and golden seal with B. Tulipae 
and failed to obtain infections except with injured leaves and stems of 
narcissus and crocus. On these two hosts inoculations were successful 
with mycelium, but not with conidia. 

As far as is known the tulip is not susceptible to other species of 
Botrytis, A large number of cultures made by the writers from the lesions 
on primary infections have given uniformly B. Tulipae, It may be, 
however, that other species are capable under certain conditions of 
causing spots on the leaves and petals. The only aberrant culture was 
from one taken from Farncombe Sanders in pots in Devon in 1931 : this 
was a strain of B. cinerea. 

One of us (A, B.) attempted to inoculate tulips with the following 
species of Botrytis: B. elliptica from lilies (1931), B. narcissicola from 
narcissi (1931 and 1934). B. Paeoniae from lily of the valley (1935), but 
these were negative. B. narcissicola also failed to infect tulips in each 
season; in 1931 sclerotia were used, and in 1934 conidia on detached 
narcissus leaves. 


Susceptibility of varieties 

Although there does not appear to be any inherent resistance of any 
tulip variety to B. Tulipae when subjectod to infection under favoutable 
conditions, nevertheless there are considerable differences in the readiness 
with which beds of different varieties go down before an epidemic. 
Whether this is due to differences in inherent susceptibility, to accidental 
differences such as later time of appearance of the shoots or flowers, to 
predisposition to mechanical injury and consequently — if the inoculum 
is present — to the production of large spore-bearing lesions, or to physio- 
logic specialisation by particular strains of the organism, remains to be 
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established. For these reasons it might be misleading to attempt any 
classification of varieties on a basis of degrees of susceptibility. 

In Devon and Cornwall Baronne de la Tocnaye is the variety least 
often spoiled by fire, and Hopkins (22) remarks that this variety was the 
only one to stand out clean in a garden in 1917. A well-known grower 
in East Anglia expresses the view that the May-flowering Gesneriana 
varieties such as Gesneriana Major and Gesneriana Lutea, the May- 
flowering variety Retroflexa and all the varieties which have Gesneriana 
blood in them are more susceptible to fire than any others. These varieties 
are also very susceptible in Devon and Cornwall. Among the more 
widely grown Darwin varieties, William Pitt, William Copeland and 
Bartigon stand out as being the most troublesome in nearly all districts : 
in East Anglia William Pitt is considered by the majority of growers to 
be the most susceptible of this group. 

Symptoms 

Three sets- of disease symptoms may be produced by B. Ttilipae 
which may be called fire, spot and a rot of the bulb. The circumstances 
leading to their appearance will be discussed later; at present only the 
symptoms will be described. 

(a) Fire 

The typical fire lesions are grey or greenish grey, variable in size 
and shape, and somewhat sunken compared with the surrounding healthy 
tissues (Plate II, fig. 1). The lesions are very common at the tip of the 
leaf, but may appear on any part of the leaf surface, and often the whole 
leaf surface is involved, especially if, as frequently happens, several 
lesions coalesce. There is a definite dark margin to the lesions, which in 
moist weather can sometimes be split up into three zones, a light green 
area outside with no spores, then a light grey area with a few spores, 
and the dark grey or grey-brown zone with abundant spores. These 
primary lesions enlarge rapidly in moist weather but desiccate in dry 
weather and often become split and tom by the wind, and the spores 
shaken away like dust. The fire symptoms may appear quite early in 
the season, for example in January in forcing boxes before they are 
moved into the greenhouse. In the field they may be seen shortly after 
the shoot has speared through (Plate II, fig. 2). In East Anglia in 1935 
they were apparent in the third week in February, and the percentage 
infection noted at this date in a field of William Pitt was 0*6. At this 
stage slugs not infrequently injure the tissue and so create an ideal 
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medium for subsequent infection. If the lesion is formed before the 
young leaf has opened out the latter will be malformed, while in some 
cases the young shoot is so badly attacked that the plant fails to grow. 
Such plants are easily missed when the beds are inspected and may serve 
as the inoculum to infect the field. Fire lesions may arise on the green 
stalk as well as on the leaves and resemble the leaf lesions in every 
respect (Plate 11, fig. 3). They are very common at the base of the stalk 
and in this position are easily overlooked. Sclerotia form readily on the 
decayed flower stalks, but are rarely seen on decayed leaves in the field. 
As the decay proceeds the leaves wither and fall to the ground. 

The number of conidia produced during the season must be con- 
siderable. When a drop of water impinges on a spore-bearing lesion 
the minute radiating splashes a millimetre or less in diameter may 
contain large numbers of spores. In one such splash 1 mm. in radius over 
100 spores were counted. In favourable conditions new spores may be 
formed at the borders of the lesion in 24 hours. 


(b) Spot 

If the plants near to a tulip bearing fire lesions are examined, small 
spots will probably be found, and these will have arisen from spores that 
have been blown or splashed by rain from the primary fire lesion. These 
spots are small, dry, very slightly sunken and yellowish white or greyish 
white in colour. They are generally circular in shape, and on close 
examination are seen to have a pale grey centre surrounded by a yellow 
ring, which is in turn surrounded by a dark green border with indefinite 
margin. The spots are produced in large numbers, and in showery weather 
it is difl&cult to grow a crop of tulips entirely free from them. Individual 
spots do not become larger unless by coalescence. Theoretically one 
would expect these spots to develop into primary fire lesions, assuming 
that the fungus in the spot was alive. If, however, for some reason the 
fungus died, then, of course, the spot would remain unchanged. To test 
this ten isolations were made from leaf spots, and in only one of the 
cultures was there any fungal growth. In another similar series B. Tulipae 
was isolated on one occasion, but it is possible that the spot was re- 
contaminated after its surface was sterilised. Spotted leaves and plants 
have repeatedly been kept in moist chambers to see if the spots would 
enlarge. After a week the material begins to turn yellow and die, but 
if the spots are isolated ones and the material is not bruised or wounded 
there is no further enlargement of the spots. In some cases mycelium 
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has developed on the spots, and sometimes conidia and pure cultures of 
B, Tulipae have been obtained from these. When the leaves died sclerotia 
eventually appeared. Plants growing in pots and bearing spotted leaves 
have been kept in a moist atmosphere under a bell-jar, and still the spots 
have not changed in character or even formed spores. The bulk of the 
evidence suggests that the fungus in the spots is dead, but there is some 
evidence that some of the spots at least may contain viable myoelia. 
Further observations are evidently required to elucidate the nature of 
these spots. 

Many growers think all spotting is due to hail, but this is not so. 
Hail spot can be imitated experimentally by dropping small wrinkled 
peas from a height of 30 or 40 ft. on to tulip plants. Hail spots are light 
and evenly coloured, generally small in size and very irregular, rarely 
circular. Under certain conditions hailstorms may accentuate a fire 
attack by scattering the inoculum and wounding the tissue. 

(c) Rot 

The third type of decay is very different in character from the other 
two. The whole plant is a sickly pale or yellowish green, under-sized, 
with flaccid leaves and often no flower, or only a small flower which is 
not marketable. With a little practice plants can rapidly be picked out 
by recognising the difference in the shade of green. Fire and spot lesions 
may be present, but not invariably, and the sickly appearance can be 
observed earlier than the time when these lesions are formed. The plants 
can be dug up easily, and with rare exceptions black sclerotia are found 
on the scales (Plate II, fig. 4). In one case in south Devon in 1925 a 
60 per cent, loss of this kind was observed. Many of the fleshy scales 
may be discoloured or brown and the bulb may rot away early without any 
new bulbs being formed (Plate III, fig. 1). In extreme forms of the disease 
small sickly brown shoots grow out covered with sclerotia and die before 
or soon after reaching the soil surface. Sclerotia may also be carried up 
on the yoimg leaf-sheath. In these cases it is not always easy to dis- 
tinguish recently formed sclerotia from those of the preceding season. 
Bulb rot is much less common than fire or spot and is not described by 
most writers, the only references we can find being by Westerdijk(4e). 
This form of the disease probably only occurs on the most susceptible 
varieties, and only when bulb infection is unusually large or the bulbs 
have bean badly bruised. 

Such attack on the bulb is also very similar to the disease caused by 
Sderotium pernidosum and known in Holland under the name of 
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^^Smenl” ( 42 ). The scleiotia of this fungus are of the same size and colour 
as those of Boirytis Tulipaey which can only be distinguished from them 
by cultural methods. 

It should be explained here that as a tulip bulb is only a one year’s 
growth the bulbs harvested are usually clean, but in some circumstances, 
described below, may carry infection; 

{d) On jloioers 

Fire lesions may occur on petals and on unopened flower-buds in the 
same way as on leaves. They are grey and bear abundant spores. They 
spread over the surface very rapidly and soon involve the whole bud or 
petal. When the bulb is attacked the stalk often remains healthy but 
does not elongate as the bucf does not develop. This phase of the disease 
is often called ''bud blight”. These diseased buds form a prolific source 
of spores. 

Spotting of flowers is the commonest symptom and often occurs on 
an epidemic scale. Two types of flower-spot can be distinguished, which 
may be termed "spot” (Plate III, fig. 2) and "blister spot” (Plate III, 
fig. 3). 

Spot is similar to the leaf-spot. It is a dry white spot, very slightly 
sunken, inconspicuous on yellow and white varieties but very striking 
on red flowers. On some varieties these spots may be very small (e.g. 
minute flecks in Sultan). On the flower, before it is fully coloured, the 
spots are generally green with a slightly darker centre, and with red or 
purple varieties the spot shows a dark purple border. The spots become 
white when the flowers fully open, but otherwise they do not develop 
or change in any way. The blister spots are white, puckered and raisedy 
and they enlarge into a lesion with sharply defined margin even in the 
dry air of a laboratory or living room. In moister conditions the lesions 
spread still more and eventually form spores. Economically blister spot 
is more serious than spot, since affected flowers are not marketable, as 
the period elapsing during transport is sufficient to allow conspicuous 
lesions to develop. 

Spores form readily on diseased flowers when conditions are favour- 
able, and the fungus spreads to the stamens and stigma, especially if 
the flowers are diseased before they are fully open, as a moist atmosphere 
is thus maintcdned. Generally if spotted flowers are not gathered within 
a week, lesions with spores will develop on the anthers. 

Hail spot damages flowers in a similar way to its effect on the leaves, 
and the remarks on the latter apply equally well to flowers. The tissues 

Ann. Biol xxm 5 



66 


Tvlip Fire 

of the petals are very delicate and form a ready prey to Botrytis spores. 
Spots develop in about 24 hours, and in moist conditions the petcJs decay 
and sclerotia are formed in abundance in little more than a week. This 
explains why it is so important to collect and remove decaying tulip 
flowers in the fields, forcing houses and packing sheds. 

(£») On fruit 

Tulip capsules are very susceptible to fire(i8). Spot, fire lesions and 
complete decay are possible exactly as on the leaves and flowers. The 
chances of tulips setting seed are therefore severely limited by fire, and 
in south-west England ripe capsules are very rarely observed. Even if 
the capsule is not attacked the stalk just below it often is, and spores 
may be formed there. The capsule then fails to form any seed. Capelletti 
reports finding mycelium of B. Tulipae in the seed(8). 

(/) On bulbs 

Fire lesion^ are dark yellow or brown, depressed, with one or more 
sclerotia; usually rather small (6 mm.) and circular, but in one case 
observed they were large, grey and irregular with very many sclerotia. 
(Examined in October after being left in the soil.) 

Circular lesions due to Penidllium spp. such as P. corymbiferum Westl. 
are very common and should not be confused with fire lesions. They are 
seldom depressed and are paler in colour and form a green mould when 
moist. These and certain other fungi, although probably not primary 
parasites, are often associated with the condition known as chalkiness 
(Dutch '‘verkalking’', German ‘‘steinkrankheiten'^). In this condition 
the bulbs become hard and chalky: the trouble is seen in storage and is 
due to rough and careless handling of the bulbs. 

Bulbs affected with rot show numerous sclerotia on either side of 
the scale surface, and the scales are often somewhat discoloured at first, 
then turning brown and finally decaying. Bulbs of this type may decay 
completely before lifting, leaving sclerotia in the soil. Sclerotia may 
occur between the white bulb scales. They are frequent at the base of 
the old stalk and inside the old brown bulb scales, and will often be 
removed when the bulbs are cleaned. Some may be formed inside the 
new brown scale or tunic and not laid bare except by peeling the bulb. 

The piPoportion of new bulbs affected with one or more of the above 
symptoms is generally small. Imported consignments have sometimes 
been returned on account of fire, but the vast majority pass any reasonable 
inspection. Similarly, bulbs lifted by the grower of a crop in which the 
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plants have been badly attacked can as a rule safely be planted again. 
The explanation is that the tulip forms entirely new bulbs round the 
base of the flower-stalk. Fire causes decay of the latter and forms 
Bclerotia on it, but in the process of lifting and grading most of these 
stalks are rubbed off, so that sclerotia become hard to find on any 
sample. For example, in 1928 ab Newton Abbot, a bed which suffered 
very badly from fire was lifted and the bulbs numbering about 1000 were 
carefully examined. Only four bulbs were found with any sclerotia. 
Hopkins (22), however, records cases of 4*6 and 5*2 per cent, bulb infection 
with sclerotia present, but he states they were probably lesions from the 
previous year. In Norfolk the variety William Pitt is markedly sus- 
ceptible, and in an experimental plot of 10,000 bulbs the attack was so 
devastating that there was no single bloom marketable in the season 
1934. Subsequently in a cursory eicamination to obtain suitable demon- 
stration specimens, four trays of bulbs of this variety were examined 
and only seven specimens bearing sclerotia were obtained. Many of these 
bulbs had developed lesions on which PeniciUium spp. and Fusarium spp. 
were present. On this same farm the bulbs were carefully harvested and 
stored in the usual way, but some bulbs were left in the field and these 
were harrowed up. Subsequently these bulbs were forced in one part of 
a house, but they started to rot very quickly, and the majority of them 
on being pulled up at the end of February were bearing sclerotia. It is 
very necessary that bulbs should be handled carefully and not bruised. 

The sclerotia are generally on the decayed base of the flower-stalk, 
quite small portions of which may remain attached to the bulb. They 
may also occur on the brown external papery scale, but bulbs with the 
lesions on the white fleshy scales bearing sclerotia are much less common. 
It is possible that in an abnormal season, e.g, a wet June, infection of 
the new bulbs occurs forming lesions with sclerotia, and such bulbs next 
season give rise to the rot of the bulb. At present it may be stated that 
the problem is not a simple one, as if bulbs bearing sclerotia on the outer 
surface are planted in pots and kept under observation they may give 
rise to healthy plants or plants with fire lesions, but no bulb rot has 
been observed. In one experiment with William Copeland the amount 
of fire in the shoot was small, but abundant sclerotia were present on 
the remains of the old bulbs. It may be that rotting of the bulb would 
have developed in different weather conditions, if the bulbs hcwi been 
bruised, or if the sclerotia had been more deeply seated. In a larger scale 
experiment at Kirton, 4018 bulbs with sclerotial material were planted 
in 1932 and 490 clean bulbs. In 1933 the total number of plants with 
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fire lesions (primary infections) was only six. Extensive spotting arose 
from these. There was no bulb rot ( 44 ). Frequently, as was the case with 
Copeland just mentioned, there are abundant sclerotia on the husk of 
the old bulb, the new bulb inside being quite deem. If lifting is not done 
too early, this outer husk sticks to the soil like a plaster cast, especially 
if the soil is at all heavy, and the new bulb slips out quite clean. But 
even when the husk is li^d it usually breaks off as it dries, so that very 
little remains attached to the new bulb. 

The development of bulbs from non-flowering plants is somewhat 
different and perhaps gives greater scope for the carrying on of infection. 
The single large leaf has a base which is a white scale completely sur- 
rounding the embryo bulb. This white scale eventually withers and 
becomes the brown tunic of the new bulb, and usually has a long pointed 
neck where the lamina has broken off. The brown tunic then in this case 
is a relic of the old bulb, whereas in the new bulbs formed from a flowering 
plant, the whole bulb including the tunic is new. 

Life history 
(a) Conidia 

The conidia appear on the leaves in suitable conditions and may also 
be formed on all the parts of the flower and on the flower-stalk and the 
capsule, but never on the bulbs. Their microscopic appearance is similar 
to the common grey mould, Botrytis oinerea, and microscopically the 
differences are very small. Klebahn(29) places both species in the sub- 
genus Phymatotrichum instead of Polyactis, and lists the morphological 
characters of different species. The size he gives for Botrytis Ttdipae 
conidia is 10-16 x 6-9 /x, mean 12*4 x 7*6 /x, and the conidiophores are 
17-20/tx wide. HopkinB(22) gives 12-24 x 10-20 jit, while Westerdijk(48) 
gives the majority 16-18 x 8-5-1 1-6 /x. Saccardo gives 16-20 x 10-13 /x. 
Our own observations show similar variations, and it is evident that 
although the spores are generally larger than those of B, cinerea(49) the 
species cannot be recognised by conidia alone. Klebahn(29) considers 
that many different species including the above should all be included 
under the species B. oinerea. 

(i) Formation of conidia. 

The conidia are formed on the living host both under high and low light 
intensities but less readily in the dark. On detached leaves in a moist dish 
the fungus continues to spore only while the leaf is alive; afterwards, 
under suitable conditions, sclerotia are formed and the leaf decomposes. 
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On cultural media such as Dox and potato agar contained in tubes 
and kept under normal laboratory conditions spore production is very 
sparse. It has been increased by submitting cultures to sunlight. 

Prolific spore production was obtained by both of the following 
methods. Tubes of Box’s medium were inoculated with spores in the 
normal way, and these were then gummed by strips of paper to a window 
pane so that they would receive a high intensity of sunlight. After 
8 days they were sporing profusely. Check cultures kept in the dark 
had not spored at that time but had commenced to form sclerotia 
(Plate III, fig. 4). 

Abundant conidia were formed when ordinary glass slides were coated 
¥rith Box medium, this inoculated with spores, and the slides kept at a 
high humidity. 

On the leaves conidia are not formed if the humidity of the atmo- 
sphere is too low, although they can withstand dry conditions for a 
considerable time. A very high humidity (90-100 per cent.) is necessary 
for their formation, and a 24-hour period is sufficient at April tem- 
peratures. The spores are formed all over the old lesion, especially on the 
under side. 

(ii) Dispersal of conidia. 

The conidia are very easily detached and are dispersed by wind and 
splashed off the lesions by rain. In an average plantation the spores are 
not in sufficient numbers to contaminate the air to any marked degree. 
The spores blown from the primary infections are scattered in a few 
seconds over a large area, and in 2 or 3 min. may be a great distance 
away, so that the spore load of such wind currents would be relatively 
very low. The air in the immediate vicinity of a fire lesion is well charged 
with spores and the plants surrounding it are bombarded with them; 
secondary infections are rarely observed more than 20 or 30 ft. from the 
point of origin of a primary infection. 

The spores adhere readily when blown on to the wax-like surface of 
a tulip leaf and they are not easily dislodged. 

The conidia may be spread by the splashes arising from raindrops. 
Experiments showed that a drop of water falling from a height of 13 ft. 
on to a diseased leaf scattered spores over an area of at least 3 sq. yards. 
Even for this small area a field with 1*3 per cent, fire lesions more or less 
uniformly scattered over it would be completely spotted, assuming there 
were about 120,000 bulbs per acre. The minute splashes that result from 
impact of raindrops on these fire lesions are highly charged with spores. 
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In one small splash covering approximately 3 sq. mm. 166 spores were 
counted. As a high humidity is necessary for germination, and as these 
spores germinate quickly, it is clear that this method of dispersal is 
particularly favourable for infection. 

In the forcing house a fertile source of infection results from the 
condensation of water on the glass, the dropping of this on to fire lesions, 
and consequently the scattering of the spores. 

It has been observed also that aphis may transfer the fire spores 
from plant to plant in the greenhouse. 

(iii) Germination of conidia. 

The conidia germinate very readily in hanging drop cultures, and 
the rapidity with which spots arise in the field shows that the spores 
must start germinating almost immediately after alighting on the surface 
of the leaf. Germination in hanging drops is markedly stimulated if a 
minute piece of a tulip leaf is placed in the drop. It is well known that 
exosmosis of nutrient substances takes place from leaves in nature, so 
that this will encourage more rapid germination. This is also confirmed 
by the fact that germination in dewdrops collected from tulip leaves is 
more vigorous than in ordinary tap water. This stimulus to germination 
in the hanging drop is the same whether a piece of healthy green leaf is 
added or a brown decayed portion. On artificial media such as potato 
agar and Dox and when under high humidity the conidia germinate 
under any intensity of visible light and also in the absence of it, but 
when exposed directly to the lower wave-lengths of ultra-violet light 
from an artificial light source they are killed, the time period depending 
on the distance from the source of light. 

When germinating spores are exposed on synthetic media to strong 
visible light from which injurious ultra-violet light has been excluded by 
filters, the growth of the germ tube and later the mycelium is inhibited 
in varying degrees and the lateral growth retarded. The hyphal strands 
have a gnarled appearance and the growth is more localised than when 
such cultures are submitted to low visible light intensities. When spores 
are germinated under low light intensities such as would exist in a 
laboratory, the growth is the accepted normal one. At room temperature 
(64® P.) the spores start germinating very quickly, and after 2 hours 
germ tubes are observed, after 3 hours approximately 20 per cent, have 
germinated, and so progressively until the maximum is reached. The 
development under suitable humidity and temperature conditions is 
then rapid. 
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Hanging drop cultures form a simple method of studying the effect 
of poisons on spore germination. A minute trace of copper sulphate will 
inhibit germination, whether tulip leaf-tissue is present or not, but little 
or no inhibition takes place with the relatively insoluble copper car- 
bonate. 

The effect of fungicidal dusts on germination can be well studied by 
means of glass slides with an agar surface. Spores are gently blown on 
to this, and then the fungicidal dust is dropped from a suitable height 
and the slide moved through the drift. In this way an even deposit is 
obtained. The slides are then kept at high humidity and periodically 
examined. Emplo)dng this technique it was found that laboratory copper 
carbonate dust and flowers of sulphur did not materially affect the 
germination of the spores. They germinated in intimate contact with such 
particles after a period of 2 hours, and subsequent development to a 
period of 4 days afterwards appeared normal. In the above cases the 
mycelia grew over the dust deposits and formed spores. Germination 
did not take place when copper-lime dust was substituted for copper 
carbonate dust. 

(iv) Infection by conidia. 

This aspect has not been studied. According to Hopkins (22) B, Tvlipae 
does not form an appressorium but penetrates directly either through 
stomata or between epidermal cells, and he figures both inter- and intra- 
cellular mycelium. 

(v) Viability of conidia. 

The same writer (22) reports that conidia kept dry in the laboratory 
germinated after 13 and 30 days, but not after 51 days. One of the 
present writers obtained 1(X) per cent, germination after storage for 
30 days, and germination was vigorous at 1-50 days and then declined 
considerably, but weak germination of a few conidia was still possible 
after 6 months. It would seem, therefore, that if the sources of the 
inoculum — the fire lesions — were removed at the earliest date possible, 
the risk of subsequent infection would be minimised. 

(6) Sderotia 

The continued growth of the mycelium involves the subsequent 
formation of sclerotia. In the favourable environment of a moist chamber 
they begin to appear on the living shoot or in artificial culture in from 
9 to 12 days. On the same medium killed by steam sterilisation the 
period is longer, about a month ; on leaves they have been observed after 
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16 days. In tlie greenhooBe and in the open sclerotia appear on the leaves^ 
stalks and bulbs at varying periods. They are not invariably formed, 
but badly diseased shoots infected early usually show large numbers. 
The rapidity of formation is probably greatest in a greenhouse or late 
in the season. For example, tulip plants potted in contaminated soil 
on April 21, 1931, developed lesions on which sclerotia began to form 
in a fortnight; and leaves already bearing fire lesions that were covered 
with soil and kept in the greenhouse developed sclerotia in a week. 
Somewhat similarly inoculated plants in the greenhouse formed severe 
fire lesions in a week, and when lifted a fortnight later sclerotia had 
formed on the lower part of the stalk and at the neck of the bulb. The 
evidence of these and similar experiments suggests that sclerotia are 
formed approximately between 10 days to 3 weeks, generally within a 
fortnight, the time depending on the suitability of the environmental 
conditions. In the open field the formation of sclerotia is generally less 
rapid. In 1935 in East Anglia they were noted on the stalks as early 
as March 6, and also on decomposing leaves covered by clods of earth. 
They were found in quantity in Devon and Cornwall in the early part 
of April 1933, and also in East Anglia at this period in 1934 and 1936. 

In dry environments sclerotia may not be formed and the flower- 
stalks dry up normally. 

(i) Germination of sclerotia. 

Artificial cultures of B, Tvlipae are easily made by sterilising and 
washing the surface of sclerotia, cutting them up with a sterile knife, 
and placing the sections on agar or other medium. Germination seldom 
takes place if undamaged sclerotia are used. A priori y however, one 
would assume that the primary infections of healthy plants arise from 
mycelium formed by the germination of sclerotia in the soil. The fol- 
lowing experiment shows that such germination does take place. In 
Devon on April 14, 1931, sclerotia were sterilised, washed, and poured 
on to damp soil in large dishes. No germination was observed, and in 
July the soil was stored in a cupboard. It became dry in the summer, 
but sterile water was added in October. On February 29, 1932, there 
was still no change, and the dishes were transferred to a cold shed. On 
April 1 a very small amount of mycelium was observed from which three 
cultures were made on April 18. All developed typical JB. Tulipae. By 
the end of April the mycelium on the dishes was abundant and charac- 
teristic. This experiment indicates how tulip fire may start afresh each 
spring from sclerotia in the soil. 
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(ii) Viability of sderoUa. 

How long can tulip fire sclerotia remain alive in the soil? Field 
observations have shown that 2 years is too small an interval between 
successive plantings, the disease reappearing on epidemic scale in spite 
of the ground being kept very clean and free from tulips in the interval. 
This would indicate that the sclerotia can live over 2 years. Hopkins (22) 
regards them as longer lived, and states that successful isolations have 
been made from sclerotia several years old. Dutch opinion, however, is 
in favour of 2 years as the period of viability ( 38 ). In this investigation 
sclerotia from laboratory cultures were viable after 1 year, but as yet 
we have no complete evidence as to the germination of older ones. 

Inoculation experiments in Devon have shown that sclerotia less 
than 1 year old readily produce the disease, but the few experiments 
that have been carried out with older sclerotia have given negative 
results. 

A staining method is available by which it is possible to determine 
quickly whether sclerotia are alive or dead. Living tissues do not stain 
well with eosin and it washes out completely in a few hours, whereas 
dead tissues take up the stain more readily and it does not wash out 
even in 12 hours (R.AM, viu, 1929, p. 263). 

The resistance to chemicals is of great importance for the control of 
tulip fire, and the following data have been arrived at by the above 
methods : 

Copper compounds. 2 per cent, copper sulphate solution is innocuous : 
the sclerotia can be left in it for several days without harm. 

Mercury cmnpouuds. Sclerotia did not germinate after 2 hours in 
0*05 per cent, mercuric chloride solution though the control (in tap water) 
grew well. They germinated if the period of immersion was from 6 to 
16 min. 

Formalin. After 15 min , in imdiluted formalin, only two pieces out 
of sixteen grew while controls gave 100 per cent, germination. 

Hot water. Five minutes in boiling water killed sclerotia. It is pro- 
posed to try the effect of periods of immersion in the hot-water bath 
used for daffodil bulbs. 

The effect of mercuric compounds was studied also in a different way. 
In another investigation that was being made at Cambridge on the 
toxicity of various organic and inorganic compounds of mercury it was 
found that certain of the organic type were very strong fungicides at 
very weak dilutions. Sclerptia were steeped for varying periods in certain 
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of these and then cultured. Using methyl mercuric chloride at a dilution 
of 1 : 100,000 the sclerotia were killed after immersion for 2 hours but 
not after immersion for 1 hour. Five hundred William Pitt tulip bulbs 
treated in the same way were uninjured, and 600 treated with a stronger 
concentration of 1 : 60,000 were similarly not affected. It is intended to 
carry out further investigations with this material. 

Growth in artificial culture 

The fungus is readily cultured on a wide range of artificial media 
forming many black sclerotia, the size and number increasing with the 
richness of the medium used. On Edson’s acid agar only white mycelium 
is formed, no sclerotia. Aerial spores under normal conditions of labo- 
ratory culture are rarely formed, but profuse sporulation is obtained if 
cultures are submitted to high light intensities. Similar cultures under 
low light intensities produce sclerotia. Hopkins (22) records that conidial 
formation can also be induced by partial drying. 

On sterilised tulip tissue spores are formed under low and high light 
intensities. Good growth is also obtained on sterilised snowdrop leaves, 
but on narcissus stalks it is poor. On sterilised tulip bulb tissue the 
fungus grows moderately well and forms sclerotia. 

Artificial mFEcnoN 
(a) By conidia 

If uninjured tulip plants are dusted with spores by means of a camel- 
hair brush and then sprayed with sterile water from an atomiser, spots 
will generally appear within 24 hours if a high humidity is maintained. 
The perianth segments are particularly susceptible, decay is rapid and 
sclerotia are sometimes formed within a week. 

Artificial epidemics may be initiated by placing diseased leaves 
bearing spores on healthy plants, and natural epidemics by omitting to 
rogue out the primary infections. In both cases the secondary symptoms 
are the same, an intense spotting. If tulip tissue is wounded and inocu- 
lated with spores, decay quickly sets in and a lesion bearing copious 
spofes results. This, in effect, constitutes a primary fire lesion and 
initiates spotting of the plants in the immediate neighbourhood. By 
artificial infection and by observation of natural infection in the field 
it has seemed clear that the intensity of an epidemic depends upon the 
quantity of the inoculum (i.e. the fire lesions). 
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(6) By sderotia 

Experiments carried out in Devon and Cornwall both in the green- 
house and the field have shown that tulip fire can be induced by placing 
sderotia at the time of planting near uninjured tulip bulbs. Infection 
has been produced in this way when sderotia have been taken from 
cultural media and also from naturally infected bulb scales. In one case 
the sderotia were 18 months old. Infection in the above experiments 
was by mycelium arising from the germination of sderotia, but mycelium 
from artificial cultures can be used with equal success. 

(c) By diseased soil 

It is recorded that the disease can be contracted from contaminated 
soil, i.e. soil containing sderotia rising from the remains of a previous 
tulip crop(io, 14 , 18, 25 , 38, 39 , 40 , 44 ). This is the general experience in East 
Anglia and the south-west. Mr W. F. Cheal, the Horticultural Super- 
intendent for the Isle of Ely in lit,, says that tulips grown on the same 
land for 2 years will undoubtedly develop fire, and Mr H. Goude, the 
Horticultural Superintendent for Norfolk, supplies similar information, 
and this also is our own experience. In the south-west it is always 
observed that old beds are badly attacked, whereas the newly planted 
ones are less so. For example, in 1927 a farmer near Exeter planted 
£200 worth of bulbs which gave him a handsome profit. He left the 
bulbs in the ground and next season (1929) did not pick a single flower. 
A similar mistake was made by another grower in east Devon. Other 
growers in the district who lifted their bulbs and planted in fresh ground 
were able to market all their blooms. Detailed experiments at Seale- 
Hayne College confirm the general field experience. Bulbs have been 
planted in soils that have grown tuUps in previous years, and the re- 
sulting infections have been in sharp contrast to appropriate check plots 
where tulips have been grown in soil that has not previously grown them. 
In experiments of this nature the tulips on the virgin land have shown 
fewer primary infections, less spotting and a much greater increase in 
the weight of the bulb crop. Somewhat similar experiments have been 
made by artificially contaminating soil in the field with sderotia, and 
comparing with non-inoculated soil. Fire developed more severely on 
the contaminated soil. 

It would seem therefore that both in the south-west and East Anglia 
soils can become “sick”, and that this “sickness” is due to the con- 
tamination of the soil by sderotia. 
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Epidemics and tab weather 

It is well known that many fiingus disease epidemics can be corre- 
lated with meteorological conditions, and tulip fire provides one of the 
best examples of this. Rainfall, humidity and temperature are the three 
important factors. Rainfall is important in providing the requisite con- 
ditions for germination and infection. Jt also spreads the spores by 
radiating splashes. As it is preceded by high humidity, which is main- 
tained while rain is falling, spore formation is encouraged. The strong 
winds, whi6h often accompany or follow the rain in the spring, still 
further spread the spores. Temperature is probably less important, as 
the fungus thrives at low temperatures and spores are not formed above 
26® C. ( 84 ). At higher temperatures the low humidity usually prevailing 
is the limiting factor. 

In Devon and Cornwall a study has been made of the effects of rainfall 
and humidity on the development of fire. In the past 10 years (1924-34) 
there has been a close correlation between the rainfall in the months of 
March and April and fire epidemics. When the rainfall has been high in 
these months there has generally been a severe epidemic. The relation- 
ship, however, is not exact. For example, in 1932 and 1933 fire was 
slight, although the rainfall was as great as in 1930 and 1931, when fire 
was severe. The reason for this was that the humidity in 1932 was much 
less than in 1931. The weather conditions in 1931 were cold and wet 
and unsettled, but in 1932 they were mainly anti-cyclonic. Anti-cyclones 
were also dominant in 1933, and the humidity was particularly low in 
the first 3 weeks of April. 

Similarly in other districts high rainfall encourages fire epidemics, 
and a cold wet spring is generally regarded as favouring it. Although 
the fungus fiourishes at lower temperatures than is usual among fungi, 
it is doubtful whether temperature is ever a limiting factor in England, 
as conditions are normally cool in March and April. The temperature 
may be high enough in May to inhibit fire, but the low humidity that 
usually accompanies high temperatures is probably the deciding factor. 

There is close correspondence between the progress of an epidemic 
and the relative humidity; if this is high and is maintained, the attack 
is intensified. 

Control measures 

The control of this disease is bound up with the proper cultivation of 
the crop. At the outset then it is possible to distinguish between certain 
groups of cultural considerations which become of importance or not 
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according as to whether the plant is being grown for flower production 
or primarily for the production of marketable bulbs. 

(a) Flower prodiustion 

(i) Lifting and transplanting. 

This is an important method of controlling tulip fire and is necessary 
if good quality bloom is to be produced with reasonable certainty. 
Although in small cottage gardens tulips are sometimes grown for many 
years without getting fire, this is because in a small bed there is less 
chance of infection arising. On a field scale, however, unless they were 
to be periodically rogued, and very carefully, it would be unwise to 
leave the bulbs down. The safest procedure is to lift all the plants and 
to put into fresh soil. 

(ii) Deep planting. 

It is claimed that if tulips are planted deeply at 8 or 12 in. they can 
be left down for several years and relied upon to suffer very little from 
fire. The reason suggested for this is that the primary infections are 
reduced in number. Experiments carried out in Norfolk in 1933 on the 
variety William Copeland gave the following results. Five hundred bulbs 
were planted at 4 in. deep and a similar number at 8 in. The percentage 
primary and secondary infections were as follows: 

Planted 4 in. deep Planted 8 in. deep 


o/ o/ 

/o /o 

Primary infection 1-6 1*4 

Secondary infection: early i^ril 76 46 

early May 100 97 


A somewhat similar experiment was made with variety William Pitt 
in 1934. A plot consisted of four rows, each containing 118 bulbs, and 
these were randomised and replicated four times. One series was planted 
at 4 in. and another at 12 in. The percentages of primary infection and 
bulb rot were as follows: 

Planted 4 in. deep Planted 12 in. deep 



o/ 

/o 

/o 

Primary infection 

10 

0-6 

Bulb rot 

0-3 

0-6 

Total infection 

1-3 

1-2 


It would seem therefore that there is a correlation between the depth 
of planting and the percentage of primary infection and bulb rot. At 
Gulval in Cornwall results do show a much reduced amount of primary 
infection when the bulbs are planted at 12 in., but the percentage of 
bulb rot has not been determined, and it may well be that the percentage 
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of fire lesions plus the percentage of bulb rot would be approximately 
the same whether planted at 4 or 12 in. deep. The disadvantage of such 
a method is that it involves additional time and labour, as it is difficult 
to lift the bulbs. 

That it is not impossible for tulip fire infection to reside at a great 
depth is shown by an observation made in the early part of May 1934 
on a sandy soil in Somerset where tulips fiad been planted 12 in. deep. 
Some of these plants were attacked by fire, and when one bulb was 
carefully removed sclerotia were found on the brown sheath just below 
the soil surface and also on the bulb 12 in. down. Similar observations 
were made in Norfolk in the early part of March 1935, and sclerotia 
were found on the bulbs and stems of tulips that were planted 12 in. 
deep. 

(iii) Late planting. 

An experiment was carried out at Seale-Hayne College in which 
several rows of Pride of Haarlem bulbs were planted in diseased soil on 
November 3 and December 1, 1930. The bloom was a week late on the 
later sown bulbs, but the majority of the flowers were marketable, but 
none were saleable from the early planted. There was no significant 
difference in the weights of bulbs lifted. Although in west Cornwall late 
planting has occasionally been practised with success, as a rule planting 
conditions are too bad to make this method feasible on a large scale. 

(iv) Spacing, 

The flower growers’ practice of planting bulbs rather closely together 
in order to get the maximum number of flowers per acre is very favourable 
to tulip fire, because there is a greater chance of spores alighting on leaves 
if the plants are close together; also the humidity amongst such plants 
is maintained at a higher level as there is less circulation of air. Moreover, 
close planting makes it less easy to observe the fire lesions, and also 
increases the risk of mechanical injury to other plants when these are 
removed. Experiments have shown that wounded tissue makes an ideal 
medium for the germination of fire spores, and such infected tissue gives 
rise to fire lesions. 

Planting in rows is therefore better than in beds, and the wider the 
pathways the better, as there is then less risk of leaves being trampled. 
Gibson (16) stresses the importance of planting a good distance apart, 
and we have seen many cases of its beneficial effect. 



A. Beaumont and others 


79 


(6) Bulb production 

It has been previously stated that the tulip forms a complete new 
bulb each season: the bulb-grower lifts his crop each year, cleans off 
the old scales to obtain his saleable product, and returns the stock to 
land which has been free from tulips for at least 2 years. If the land has 
been badly contaminated by sclerotia a longer period is necessary. 

Deep planting and late planting experiments have been carried out 
at Kirton during the past 4 years under the direction of Mr D. E. 
Horton ( 23 , 24 ), and they have shown that early planting (September) 
and shallow planting (not greater than 6 in. in the case of the commoner 
varieties) are alike essential if the bulb-grower is to obtain the increase 
and the proportion of larger bulbs and the good quality that he desires. 
These primary considerations far outweigh any value which the opposite 
practices may possess in the direction of “fire” control: on the other 
hand, the bulb raiser is bound to indulge in fairly wide spacing to achieve 
the best results: in this direction cultural requirements and those of 
disease control are the same. Apart from the above, the more important 
issues in the control of this disease apply alike whether the plant is 
being grown for the flower or the bulb crop. 

(i) Cleaning bulbs. 

In 1929-30 experiments were made in the south-west to determine 
if it was profitable to clean the bulbs, i.e, to remove the old scales and 
base of the old flower-stalk. The tulips planted were 500 Farncombe 
Sanders and 500 William Copeland from Penzance, where they had been 
badly attacked by fire in 1929. 

There was no significant difference between cleaned and non-cleaned, 
as the crop in both cases was remarkably healthy and vigorous. In this 
season, therefore, there was no advantage in cleaning the bulbs. It is 
possible, however, that in more favourable seasons such as 1928 this 
cleaning operation would have decreased the number of primary infec- 
tions. Unfortunately we have no data for other years. 

(ii) Liming and manuring. 

It is often stated that liming is beneficial ( 13 , 17 ). There appears to be 
little evidence for this and we have seen fire bad on soils weU provided 
with lime, nor can we find any relation between epidemics and soil 
acidity and lime content. 

The avoidance of nitrogenous manure is another common recommen- 
dation ( 36 ). In order to test this an experiment was carried out at Seale- 
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Hayne College in 1931-2. Nine beds of William Copeland and Pride of 
Haarlem (alternating) were planted in ground which had not grown 
tulips before. The site of beds 1-4 had been heavily manured with dung 
dug in during October 1931 ; the remainder received no manure. There 
was 2 per cent, of fire in beds 1 and 3 (William Copeland), but none in 
beds 2 and 4 (Pride of Haarlem) or in the unmanured beds of these two 
varieties. The beds were left down a second year as they were in a 
sheltered position. A fair amount of fire developed, and its variations 
showed no relation to the manuring. It would seem, therefore, that, if 
the soil hsw not grown tulips before, the ground may then safely be 
manured in preparation for tulips. This is a common practice in bulb 
cultivation and the results are satisfactory. 

(iii) Bulb disinfectants. 

Formalin. In both the south-west and East Anglia work on bulb 
disinfection has been carried out with this fungicide. In Devon experi- 
ments were made in 1928, 1929 and 1933, and bulbs were dipped in 
formalin at concentrations of 1 : 160 and 1 : 320. 

In East Anglia a product containing formalin was used in 1933. 

The varieties that have been treated in such experiments were Fam- 
combe Sanders, William Copeland, Pride of Haarlem and William Pitt. 

Bulbs so treated have been planted in clean soil and contaminated 
soil, and compared with bulbs that have not been treated, but there 
was no effect on the growth, fiowering, or the amoimt of fire. 

It has previously been shown that the sclerotia were to some extent 
able to survive immersion in strong formalin. 

Copper sulphate. 2 per cent, copper sulphate solution is recommended 
by some writers ( 14 ). The following experiments do not support its use, 
and it has been shown above that sclerotia are not harmed by this 
treatment. In 1928 Pride of Haarlem was treated with 2 per cent, copper 
sulphate (20 min.) and 4 per cent, copper sulphate (dipped). The experi- 
ment was repeated in 1929. In both cases the amount of fire was not 
reduced. Bulbs treated in this way have been planted in clean and 
contaminated soil, but there has been no control of fire. 

Mercury compounds. Experiments on the dipping of bulbs in inor- 
ganic or organic mercury compounds using either laboratory chemicals 
or proprietary products have been carried out in the south-west and 
East Ar^glia, and the bulbs have been planted on clean and contaminated 
soil. In the aouth-west in 1929 and at Eirton in 1933 ( 44 ) no favourable 
results were obtained. 
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In 1932-4 various inorganic or organic mercury compoimds were 
used either in plots at Cambridge or at a farm in Norfolk. Bulbs prior 
to planting were either dipped in the solution, dusted with fungicidal 
dusts, or wrapped in papers impregnated with the solutions. No satis- 
factory results were obtained. 

In 1934, 500 William Pitt bulbs soon after lifting were steeped in a 
solution of methyl mercuric chloride at a concentration of 1 : 100,000 for 
2 hours, 500 were steeped for a similar period in water, and 500 were left 
unsteeped, and they were planted in clean soil. Less fire lesions were 
noted in those steeped in the fungicidal solution. Further experiments 
are in progress, and if these should be satisfactory they will be reported 
at a later date. At present no recommendation can be made. 

(iv) Other treatments. 

At Seale-Hayne College in 1929 other treatments have been used, 
and these included steeping in water at 45-50° C. (the temperature falling 
from 45 to 34° C.) and also treating in dry heat at about 50° C. The 
variety was Pride of Haarlem, and the bulbs were planted in diseased 
soil. The bulbs were not injured, but no control of fire was obtained. In 
1930 William Copeland bulbs of all sizes were immersed in the hot-water 
bath used for the control of daffodil eelworm. The bath was maintained 
at 110° F. (43*5° C.) for periods of ^ hour, 1 hour, and IJ hours. The 
bulbs immersed for the longer periods were all killed and only 5 per cent, 
survived the ^-hour treatment, and five of these subsequently showed 
primary lesions. 

In the work on bulb disinfection that has been made by the writers 
the treatments with fungicidal solutions with one exception have been 
made immediately prior to the planting of the bulbs. Work is now in 
progress at one centre on the treatment of the bulb when it is lifted. 

Hall (18) recommends dusting bulbs with sulphur, but we have not 
carried out experiments to test this, 

(v) Soil disinfection. 

We have no data on the use of chemicals. Van Slogteren(4i) 
suggests the use of steam. The results from carbolineum seem to be 
doubtful (27, 49) or harmful (38). 

r (vi) Spraying and dusting. 

Results in this direction obtained by the writers have not been very 
promising. The difficulties are that tulip foliage is very susceptible to 
injury from copper sprays, e.g. Bordeaux Mixture (22, 39) and Burgundy 
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lifixture. Spray injury or dust injury is most undesirable because the 
injured tissue forms a breeding ground for the fungus, and, in effect, 
acts as a primary source of infection. The second difl&culty is that the 
tulip leaf is not easy to wet and the spray runs off in drops. Unless a 
spreading agent is used it is impossible to obtain an adequate cover, and 
consequently such spraying must be ineffective. The third difficulty is 
that the fire lesions are continually^liberating their spores and are bom- 
barding the plants in their immediate neighbourhood. Theoretically, 
therefore, to obtain control of the disease it would be necessary to have 
a perihanent fimgicidal cover on the leaves, and this would necessitate 
a large number of applications of the particular fungicide. In Norfolk 
in 1934 various products were used as sprays or dusts. These con- 
tained either copper compounds or sulphiir. The Saanichton potash 
sulphur-resin spray was also used ( 36 ). Duplicated plots each containing 
500 William Pitt bulbs were used in the experiments, and one, two or 
three applications of the particular spray or dust were given and these 
were made on the following dates: March 21, April 5, and April 16. 

The primary fire lesions were not rogued from these plots, so that the 
foliage was continually being bombarded with spores and liable to infection. 

The various treatments employed all gave a fair to moderate measure 
of control in the initial stages, but it would serve no useful purpose here 
to give the relative percentage infection, since when the applications 
were discontinued, and when the conditions for the development of the fungus 
became more favourable, then fire became rampant. At harvest there was 
no difference between any of the treated plots or between these and the 
untreated plots, as all alike had a maximum infection and the bloom 
was unmarketable. It may be that if the particular treatments had 
been continued to a later date a measure of control would have been 
obtained. 

There is a variation in the opinions that are expressed by growers on 
the subject of applying protective fungicides to this crop. 

The present writers, as the result of observations and experiments 
that they have made in Devon, Lincolnshire, and Norfolk, are of the 
opinion that if beds are not periodically examined and the fire lesions 
removed, then one, two or three spray or dust applications with sulphur 
or copper compounds will not result in a marked measure of control. 

If the primary fire lesions are removed it is thought that dusting or 
spraying the crop may further reduce the risk of spotting and also any 
extensive development of fire lesions that may arise through the infection 
of wounds that have arisen through mechanical damage, but there 
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is no conclusive evidence on this point. It may be, however, that 
strict attention to careful roguing would render any subsequent 
operation of this nature unnecessary. It should be stated here that 
any spray or dust operation that is carried out should be such that 
the materials used cause no scorch damage, because if this takes place 
the scorched areas become suitable media for the development of the 
fire fungus and consequently spread the disease. Copper compounds in 
particular if incorrectly used may cause such damage. Any spray or 
dust material that may be employed should be used as directed by the 
particular manufacturer, and a preliminary experiment should first be 
made. 

(vii) Shelter. 

In the south-west it has been found that the provision of adequate 
shelter minimises fire; this should not be so close, however, that high 
humidity is encouraged. The shelter should break the force of the wind 
but not eliminate it. Some of the worst cases of tulip fire in Devon and 
Cornwall occur in small gardens which are completely shut in. Shelters 
made of canvas or coir netting or laths bound together are widely used 
in the south-west for both tulips and daffodils, and they cannot be dis- 
pensed with. There is little evidence that cold winds do more harm than 
any other wind, though this is often implied (lO). On the contrary, cold 
winds in the spring are often associated with dry weather, which is not 
favourable to fire. On the other hand, the lesions caused by frost lead 
ultimately to infection with Botrytis. The use of other flowers, e,g. wall- 
flowers or narcissus, as a shelter is of doubtful value ; the beneficial effect 
vidth tulips is probably one of spacing rather than shelter. 

(viii) Avoidance of mechanical damage. 

Mechanical damage whether due to wind or human agency or other 
accidental causes would appear to account for a great proportion of fire 
lesions not arising directly from diseased bulbs or contaminated soil. It 
cannot be too strongly stressed that disease will result if tulip tissue is 
bruised or wounded in any way. Not only does this apply to the flower 
and foliage but also to the bulb. In one particular instance in a Norfolk 
house the bulbs had been badly bruised; this initiated a severe rot of 
the bulbs and subsequently a fire attack developed. It has been shown (23) 
that tulip bulbs which have suffered mechanical injury during the storage 
period are not only liable to suffer from certain types of storage rot, but 
also give rise to plants more prone to fire attack. Three years’ experi- 
ments at Kirton have shown this very clearly. Bruising insufficient to 
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show any visible damage is enough to cause it, and in the best practice 
any bulbs accidentally dropped on the floor are discarded. Mechanical 
damage to the foliage can be greatly lessened if wider paths are left 
between the beds; these can be made by leaving a second blank furrow. 

The bloom also should be handled with the greatest care so that 
mechanical injury does not take place, otherwise fire may develop after 
they have been dispatched to market. For example, the variety Bartigon, 
forced in a greenhouse under excellent conditions of low relative humidity, 
can be so damaged by inexpert bunching that large areas of the outer 
leaves become bruised and water-soaked. This provides at the same time 
a very favourable substratum for the growth of the ftmgus and ensures 
a high relative humidity in the box, and this may result in fire develop- 
ment during transit. 

It is suggested that a useful purpose would be served if farm opera- 
tives were informed of the nature of the fire disease and told how this 
could largely be circumvented by attention to the roguing of fire lesions 
and the prevention of all needless mechanical injury. 

(ix) Roguing of primary infections. 

Fire is an excellent example of a disease that can be brought under 
control by strict attention to hygienic details. The foremost of these is 
of paramount importance. It is the roguing of primary infection^ (i.e. 
fire lesions). Whatever method of cultivation is adopted this measure 
in the opinion of the writers is essential. The fields should be inspected 
periodically from February onwards, and those plants showing fire 
lesions should be removed bodily and placed in some suitable container 
so that the spores already present on them are not scattered. In this 
operation great care must be taken by operators to see that they do 
not cause mechanical damage to neighbouring plants. Subsequently 
this diseased material should be burnt and not dumped on to a refuse 
heap. In showery weather an inspection and roguing should be made 
once a week. 

On one farm on which experiments and observations have been made 
in East Anglia the cost of a first roguing was lOs, an acre. When prac- 
tising no method of control the same grower estimated his losses in a 
bad attack of fire as from 60 to 100 per cent, in the value of the flowers 
and a negligible increase in stock. 

It is of marked importance that tulip tissue, whether healthy or 
diseased, should not be left lying about in the fields, houses, or packing 
sheds, as otherwise fire lesions may develop upon it. These in effect are 
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identical to the primary infections that have been rogued from the fields. 
In the packing sheds after a day’s work there should be no debris left 
lying about. It should be cleared up and burnt. 

It is stated that the roguing of primary infections has been carried 
out in Holland regularly for many years with complete success (38). 

(c) Discussion on control measures 

The writers are of the opinion that successful fire control will be 
attained if bulbs are handled carefully so that mechanical damage is 
avoided, lifted each year, cleaned, and planted in fresh soil and the 
primary infections rogued, destroyed, and care taken to avoid un- 
necessary wounding of the tissue. Subsequent operations such as 
spraying or dusting must be considered as subsidiary adjuncts in control; 
and, if used, care must be taken to avoid scorch damage. Under the 
conditions of their own experiments the writers have not obtained 
results of much promise, but further experiments in this direction and 
also on the disinfection of bulbs immediately after harvest are in progress. 

SUMMAKY 

The salient points that deal with the disease of tulip fire are discussed, 
its names, the various forms of the disease such as fire, spot and a rot 
of the bulb, the symptoms of these, the distribution of tulip fire, its 
economic importance, its host specialisation and the relative suscepti- 
bility of varieties to it. 

The life history of the organism causing it, Botrytis TiUipae (Lib.) 
Lind is given, and the formation, germination, viability, and develop- 
ment of conidia and sclerotia in natural and artificial media are discussed. 
Infection studies in the laboratory and field with conidia and sclerotia 
are described, and the meteorological factors that favour artificial or 
natural epidemics. 

Observations and experiments dealing with control measures are given. 

Concluding this study the writers wish to acknowledge with sincere 
thanks the assistance given by growers and those otherwise interested 
in the cultivation of this crop, particularly to those that have given 
land, material, and the benefit of their experience. 

A. Beaumont thanks Messrs Tomlin Bros., Penzance, for supplying 
bulbs for experiments and much information on spraying and dusting, 

W. A. R. Dillon Weston thanks Mr H. Goude, the Horticultural 
Superintendent for Norfolk; Mr E. Cave, of Terrington St Clement, 
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Norfolk, for land, material and his valuable observations and co-opera- 
tion; Mr W. Leake, of Messrs R. H. Bath, Ltd., Wisbech, for information 
on the susceptibility of varieties, and Mr J. R. Booer, of Messrs F. W. 
Berk and Co., Ltd., for the preparation of chemicals for work on bulb 
disinfection. 

E. R. Wallace thanks his colleagues at the Agricultural Institute, 
Kirton, and many growers in the Spalding district. 
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Tvlip Fire 


EXPLANATION OF PLATES II AND III 

PLATE II 

1 . Fire lesion on a leaf of William Pitt. 

Pig. 2. A primary infection. Variety William Pitt. 

Pig. 3. Fire lesion on a stem, showing zoning. 

Fig. 4. Bulb rot of William Pitt, showing solerotia. 

PLATE III 

Fig. 1. Bulb rot of the variety William Pitt. 

Fig. 2. Spot symptoms. 

Fig. 3. Blister spot symptoms. 

Fig. 4. Cultures of Botrytis Tulipa>e. grown in sunlight and darkness. 


{Received June 22 , 1935 ) 
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SOME EFFECTS OF TOBACCO MOSAIC VIRUS ON 
THE GROWTH OF SEEDLING TOMATO PLANTS 

By G. C. AINSWORTH and I. W. SELMAN^ 
(Experimental and Research Station ^ Cheshunt, Herts,) 

(With 6 Text-figures) 

Intboduotion 

The symptoms shown by tomato plants when infected with the virus 
of ordinary tobacco mosaic (tobacco vines 1, J. Johnson) are well known. 
In summer the disease is characterised by a light green-dark green 
mottling and slight distortion of the leaves, but in winter the mottle is 
absent, leaf distortion is more severe, and there is a development of 
anthocyanin in the stem. All observers agree that some stunting of the 
plant occurs and that there is a decrease in crop. Very httle quantitative 
data has, however, been published on either of these effects, although 
an account of experiments investigating the decrease in plant size and 
crop due to mosaic for both field and greenhouse-grown tomatoes has 
been given by Heuberger and Norton ( 4 ), who briefly review the earlier 
work. 

The aim of the work described below was to obtain quantitative data 
of the effect of tobacco mosaic virus on the growth of seedling tomato 
plants. Parallel series of healthy and infected plants were grown at 
different times throughout a complete year, and the growth rate of each 
series was measured by determining the dry weights of the plants from 
samples taken at convenient intervals. 

Methods 

Ninety to one hundred similar tomato seedlings, var. E.S. 1, growing 
in 3^-in. pots and having two or three foliage leaves, were divided at 
random into two groups. One group was inoculated with a standard 
strain of tobacco vines 1 by lightly rubbing the terminal leaflets of the 
first two foliage leaves with a piece of muslin soaked with infected juice, 
and the other group was similarly treated with distilled water. The two 

^ Member of the Research Institute of Plant Physiology, Imperial College of Science 
and Technology, London. Working at the Oheshnnt Experimental Station. 
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Table 

Summary 


Sample ... 1 2 3 

■*- I - ^ ^ 


Series 

Bate 

T. 

L. 


wt 

W.C. 

T. 

L. 

wt 

W.C. 

T. 

L. 

wt. 

W.C. 


1934 














I 

Apr. 13 

1 

3-4 

C, 

0054 

92-60 

7 

5-6 

0-22 

91-68 

12 

7-« 

0-53 

91-72 


Apr. 30 

I. 

0052 

92-40 

0-19 

91-55 

0-40 

9062 

n 

May 24 

0 

Q 

C. 

0-051 

91-22 

8 

Q 

0-26 

90-70 

14 

7-8 

a70 

91-66 


June 11 

0 

I. 

0-047 

91-34 

0 

0-27 

90-18 

0-52 

9082 

HI 

June 25 

0 

O 

C. 

0043 

91-85 

ff 

K 

0-34 

91-43 

11 

6-7 

0-80 

91-27 


July 10 

O 

I. 

0049 

91-85 

7 

0 

0-34 

91-26 

0-89 

91-00 

IV 

Aug. 22 

1 

2-3 

C. 

0-034 

91-70 

12 

a 

0-38 

91-92 

16 

7 

0-78 

91-83 


Oct 3 

I. 

0-034 

91-90 

0 

0-34 

91-72 

1 

0-67 

91-28 

V 

Oct 22 

n 

9 

C. 

0020 

91-96 

18 

4^ 

0-12 

92-06 

OK 

0-7 

0-18 

92-46 


Jan. 9 

u 


I. 

0-020 

91-94 

0-10 

91-92 

JO 

0-15 

91-61 

VI 

Nov. 5 

n 

9 

c. 

0-027 

91-59 

21 

4-5 

0-10 

94-41 

31 

7-8 

0-14 

94-49 


Dec. 17 

u 


I. 

0-034 

91-69 

0-11 

94-17 

0-15 

93-94 

vn 

Dec. 4 
Jan. 25 

0 

3-4 

c. 

I. 

}0013 

94-37 

30 

7-8 

0-07 

0-05 

9510 

94-19 

52 

11-12 

(10) 

0-25 

0-16 

93-19 

92-44 


1935 



c. 










vm 

Jan. 17 


9 

} 0-005 

94-48 

18 

A 

0-021 

93-30 



0-06 

93-29 


Mar. 31 

u 

it 

I. 


0-021 

92-37 

28 

5-6 

004 

92-35 

IX 

Mar. 4 
Apr. 16 

0 

2 

c. 

I. 

} 0-013 

92-88 

16 

4-^ 

0-104 

0-102 

91-95 

91-74 

22 

6-7 

0-35 

032 

90-79 

9004 


T. - time in days after inoculation. 

L. -leaf stage. (Numbers in brackets - leaf stage of infected plants when different from controls.) 

C. -control. I. -infected. W.C. -percentage water content. Dry wt.- mean dry weight of ten plants. 



groups were grown under the same conditions in an insect-free green- 
house. The average temperature of the greenhouse was 69® F. in summer 
and 68° F. in winter. 
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I 


T. L. 


Dry 

wt. W.C. 


T. L. 


Dry 

wt. W.C. 


6 7 

A A - ■ ■ 

Dry Dry 

T. L. wt. W.C. T. L. wt. W.C. 


17 

19 

21 

41 


9-10 


9-10 


10-11 

13 


1‘53 

M6 

1- 52 
124 
3-20 

2 - 00 
109* 

7-5* 


91‘40 

90- 01 
92-20 

91- 64 


90- 90 

91- 74 


38 8 


0-31 94-08 

0-30 93-38 


42 


9-10 


0-24 

0-22 


94-04 

93-00 


11-12 0-68* 93*18 15-16 1-33* 93-15 

(10) 0-55* 92-49 (13-14) 0-91* 92-98 


39 


9 

(7-8) 


28 8-9 


0-21 92-77 

0-13 91-99 

0-75 90-83 

0-70 90-49 


48 

43 


9-10 0-54 92-21 
(9) 0-37 92-20 


11-12 


4-36 90-63 
3-15 90-76 


.. 11-12 1-20* 90-57 
10-11 0-67* 90-58 


* Means of five plants. 


13 2-78* 91-42 

(11-13) 1-57* 91-17 


At the beginning of an experiment, immediately after inoculation, 
ten plants were taken at random from each group, and the fresh and 
dry weights of stem, leaf and root determined. Weighing was carried out 
on spring balances and the material was dried to constant weight in an 
oven at 70° C. under reduced pressure (methods described by Bolas and 
Melville (1)), 

A second sample was taken at the time that visible symptoms ap- 
peared, when the plants were at approximately the five-leaf stage. Further 
samples were taken at intervals up to the ten-leaf stage, beyond which 
the plants were too large to be handled in samples of ten, but, in three 
experiments plants were transferred to 6-in. pots and grown to the 
fourteen-leaf stage, when samples of five plants only from each group 
were weighed. 

Results 


Nine series of experiments were carried out over a period of 12 months 
and the results are summarised in Table 1. Fig. 1 shows growth curves 
for typical summer and winter series (series I and V), mean dry weights 
of whole plants being plotted against time in days after inoculation. 
These curves show clearly the lower growth rate of infected plants and 
also the low growth rate of both healthy and infected plants in the 
winter. 
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The growth curves have been examined in two parte: (1) the parts 
representing growth before the appearance of visible symptoms, i,e. 
growth during the incubation period, and (2) the parts representing 
growth after the appearance of visible symptoms when virus is present 
in all parts of the plant. 

The data were subjected to a statistical analysis, but owing to the 
unexpectedly high variance of the material, the differences between healthy 
and diseased plants in one experiment are not usually significant. Larger 
samples could not be taken owing to limitations of apparatus and material. 


0*10 




0«03 


Incubation period and growth rate 

The incubation period may be defined as the time between inocula- 
tion and the appearance of visible symptoms. During this interval the 
virus multiplies at the point of inocu- 
lation, then spreads throughout the 
plant, initiating a growth response. 

That the incubation period bears 
some relation to the growth rate of 
the host plant has long been known, g 
for symptoms appear 7 days after ^ 

inoculation in summer and after 3 S 

0 

weeks in winter, but no attempt 
appears to have been made to establish 
such a correlation. 

In these experiments a negative 
correlation, having a correlation co- 
efficient of 0*94:7 (p less than 0*01), 
was shown to exist. Fig. 2 shows the 
correlation diagram for incubation 
period and growth rate. The growth rates were calculated by a formula 
given in the next section. 

Since visible symptoms due to this virus are, in some measure, a 
growth response (only those leaves developed after infection showing 
symptoms), such a correlation is only to be expected. It is possible that 
the time taken for the virus to spread from the point of inoculation to 
the growing point of the plant is approximately the same summer and 
winter, and that the longer incubation period in winter is largely ac- 
counted for by the slower growth of the plant. Some delay in the spread 
of the virus in winter, however, seems probable, for according to 


0 5 10 15 20 25 

Incubation period in days 

Fig. 2. Correlation diagram for incubation 
period and growth rate. 
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Samuel (6) movement of virus from the inoculated leaflet may be delayed 
in a slowly growing plant. 

In the winter of 1931-2 several experiments on the effect of yellow 
mosaic virus^ on tomato seedlings were performed, and it was found 
that a delay in the removal of starch during the night from the leaves 
of an infected plant occurred a fortnight before visible symptoms ap- 
peared. This is evidence that the virus affects the metabolism of the 
leaf during the incubation period. It is interesting to notice that the 
starch effect was first observed 7 days after inoculation, which approxi- 
mates to the incubation period in summer. 


Growth rate after the appearance of symptoms 

To compare the effect of the virus on the plant at different times of 
the year the growth rate was calculated over the periods corresponding 
to the intervals between the appearance of the fifth and the tenth leaves. 
It was found that over these periods, plotting the logarithms of the dry 
weights against time gave curves which approximated to straight lines 
and the slope of these curves was taken as a measure of the growth rate, 

i.e, growth rate = — where and TF<,=the dry weights 

of the whole plants at t^ and days after inoculation, so that K (the 

efficiency index) = . Fig. 3 shows the growth rates for both 


log: 


10 


healthy and diseased plants plotted against time of year. It will be seen 
that the mean growth rates of infected plants are invariably lower than 
the healthy and that the season has a very marked effect on growth. 
The relative differences between the two sets of growth rates, how- 
ever, appear to be almost independent of the season. This also has been 
expressed graphically in Fig. 3 by plotting the growth rates of infected 
plants as percentages of those of the controls. 

Caldwell (2) states that although a tomato plant infected with yellow 
mosaic virus in spring or summer is considerably smaller than a healthy 
plant of the same age, it is at the same morphological stage as the 
healthy plant. In these experiments with ordinary tobacco mosaic virus 
it was noted that although healthy and diseased plants were always at 
the same morphological stage in summer, after the ten-leaf stage in 
winter there was a difference of one or two leaves between healthy and 
diseased (see Table I). 


^ Tobacco vims 6, J. Johnson. 
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Water content 

The mean percentage water content of the plants at every sampling 
is given in Table I. 

On the appearance of symptoms the percentage water content of 
infected plants invariably fell below that of the controls, and after 
reaching a minimum, rose again and at a later stage became higher than 
that of the controls (see series IV and IX). The actual differences in 



Fig. 3. Growth rate and time of year. Relative effect of viruH on growth rate. 

percentage water content between the diseased and healthy plants for 
the nine series are expressed graphically in Fig. 4. The observation that 
infected plants may have a higher water content than healthy is in agree- 
ment with the findings of other workers. Heuberger and Norton (4) found 
the water content of plants 16 in. in height, inoculated with tomato 
mosaic virus at the five-leaf stage, to be 91*86 per cent., the controls 
having a water content of 91*61 per cent.; and in a second experiment 
with larger plants, that the values were 91*94 and 91*69 per cent, for 
diseased and healthy plants respectively. Caldwell (2) has shown that 
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the water content of the leaves from a tomato plant at about the 
fourteen-leaf stage, infected with the virus of yellow tomato mosaic 
when a seedling, was 92-2 against 87*1 per cent, for the corresponding 
healthy leaves. An initial drop in water content of plants infected with 
these viruses does not seem to have been previously noted. Working 
with yellow tomato mosaic, Ainsworth found in the winter months at 



Fig. 4. Graphical representation of the differences between the percentage water contents 
of healthy and diseased plants shown in Table 1. The horizontal lines indicate the 
length of the incubation periods. The ordinate scale for series IX only is given. 

the time symptoms appeared, that infected seedling plants had a lower 
percentage water content than the controls (see Table II). 

Table II 

Percentage water content (whole plant) 

t \ 

Exp, Healthy Infected (yellow mosaic) 

1 94-55 93-35 

2 94-35 92-50 

3 92-60 91-25 

Examination of the water content of the different parts of the plant 
suggested that the maximum fall was in the leaf and that the recovery 
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starts in the root, continues in the stem and is evident last in the leaf. 
This is shown graphically in Fig. 6, which is based on the mean values 
from three comparable experiments (series I, II and III). 

It is interesting to note that Melville (6) has demonstrated that in 
summer the percentage water content of the leaves of young greenhouse- 
grown tomato plants tends to be suboptimal for assimilation. The fall in 
water content initiated by the virus might further depress assimilation. 
On the other hand, during the winter months the water content of the 
leaves of tomato seedlings may be supra-optimal for assimilation, so that 
a reduction in water content at this time might be expected to favour 
assimilation. Nevertheless, the relative effect of the virus on growth rate 
appears to be the same during summer and winter. 



Fig. 6. Mean water content differences for stem, leaf, root and whole plant (series I, II, III). 

The significance of the fall and rise of water content is obscure. The 
initial fall accompanies a slight “hardening’’ of the plant similar to that 
resulting from a check to growth such as a dry soil or low temperature. 
Withholding water from seedling tomato plants for 8 days resulted in a 
fall in the percentage water content which rose again when watering 
was resumed. Both fall and recovery of the water content were much 
more sudden than the similar disturbances due to tobacco mosaic virus. 
This experiment was carried out in February, the controls receiving 
water twice during the first 8 days. 

Distribution of assimilate 

If iJie stem and root are considered to play no part in photosynthesis, 
the ratio of the gain in dry weight of the stem and root to the gain in 
dry weight of the whole plant over any given period may be considered 
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to give an indication of the distribution of assimilate. This ratio has been 
determined over the intervals between successive samplings, and no 
difference between healthy and diseased plants was found. 

Discussion 

The results outlined above have shown that there is a high negative 
correlation between the growth rate of seedling tomato plants and the 
incubation period. They also suggest that the relative effect of the virus 
on the growth rate of the plant subsequent to infection is the same in 
both winter and summer, in spite of the great difference between the 
actual growth rates of healthy plants in the two seasons and the difference 
between the symptoms exhibited at these times. 

One effect of this virus on both tobacco and toinato plants is to delay 
the hydrolysis of starch in the leaves. The presence of starch in the leaves 
of infected tomato plants after a period of darkness and its absence 
from the leaves of similar healthy plants may be demonstrated by 
treating decolourised leaves with iodine solution. Cordingly et a?. ( 3 ) have 
concluded from chemical analyses that the hydrolysis of proteins and 
insoluble polysaccharides is delayed in the leaves of tobacco plants 
infected with tobacco virus 1. 

Data obtained by W. H. Read at this Station, which he has kindly 
permitted us to publish, are of interest. From the analysis of samples 
of tomato leaves taken at 3-hourly intervals throughout a 24-hour period, 
he found that in plants infected with yellow mosaic virus, accumulation 
of starch during the morning was more rapid than in healthy plants. 
During the night the starch content of diseased and healthy leaves fell 
by 43*0 and 64-2 per cent., respectively. These results support the con- 
clusions of Cordingly et al. ( 3 ). 

This disturbance of the metabolism of the leaf might account for the 
reduction in growth, in the case of tobacco mosaic virus, which causes 
only a slight mottle in the summer and no mottle in winter. The accumu- 
lation of insoluble products in the leaf would tend to depress assimilation 
and their slower hydrolysis to reduce the absolute amount of material 
translocated. The distribution of the assimilate, as suggested above, does 
not seem to be affected, although there is a reduction in the total amount 
of dry matter produced. In the case of a virus such as that of yellow 
tomato mosaic, which in summer greatly reduces the amount of assimi- 
latory tissue, delayed hydrolysis is certainly not the only factor reducing 
growth, although in winter when no yellow mottle is developed the con- 
ditions may be comparable to those obtaining with tomato mosaic. 

Ann. Biol, ixm 
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Summary 

A negative correlation has been shown to exist between the growth 
rate of seedling tomato plants and the length of the incubation period. 

Evidence has been presented, which suggests that the relative effects 
of tobacco virus 1 on the growth rate of the plant subsequent to the 
appearance of symptoms is the same in both summer and winter. 

The percentage water content of all parts of infected plants was 
found to be lower than that of the controls, during the early stages of 
the disease. Later the water content tended to rise above that of healthy 
plants. 

In conclusion we wish to express our thanks to Mr B. D. Bolas for 
his interest and valuable advice. 
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THE ORIGIN OP AN EARTHY OR MUDDY 
TAINT IN FISH 

I. THE NATURE AND ISOLATION OF THE TAINT 
By a. C. THAYSEN 

(Microbiological Section^ Chemical Research Laboratory y 
Teddington) 

Some forty years ago Rullmann(i, 2) isolated a type of Actinomyces, the 
cultures of which had a pungent odour, described by him and many 
others, including Beijerinck(3), as “earthy’’. Though this odour may not 
be identical with that of a well-aerated rich agricultural soil, as studied 
by Berthelot and Andr6(4), it is sufficiently “earthy” to be regarded by 
those unfamiliar with the growth of actinomycetes as the odour of soil. 

It was not until comparatively recently that this odour was connected 
with the presence of “earthy” tastes in potable waters. Adams (5, 6) 
drew attention to the occurrence of an “earthy” taste in water from 
the River Nile, and suggested that it was due to contamination of the 
water by actinomycetes, since he had been able to impart an “earthy” 
smell and taste to potable waters by adding cultures of actinomycetes. 

Previously an “earthy” or “muddy” taste in water had been ob- 
served by several writers, including Rushton(7), and attributed to various 
diatoms found in the water. Subsequently Burger and Thomas (8) sug- 
gested that in a case studied by them the “earthy” taste was due to a 
slow complex microbiological decomposition of plants growing in the 
rivers from which the water under investigation was drawn. Burger and 
Thomas did not deny that odoriferous species of actinomycetes can 
impart an “earthy” taste to water, but preferred their conclusion that 
the taste resulted from the activity of a mixture of micro-organisms. 
They considered that the number of odoriferous actinomycetes found in 
the infected water was too small seriously to contaminate the water. 

These various observations indicate that an “earthy” odour can be 
produced in water by micro-organisms living in the water, and that a 
pungent “earthy” taint can be imparted by certain odoriferous actino- 
mycetes found in soil and in river water. The odoriferous substance 
produced by the actinomycetes is similar to that collected by Berthelot 

7-2 
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and Andrfi from agricultural soils, in that it is volatile in steam and 
slightly soluble in water; it is readily soluble in ether (Rullmann(i, 2) and 
Salzmann(9)). The material isolated by the writer from an odoriferous 
strain of Actinomyces^ resembling in some of its characteristics the 
A, flavovirens of Waksmann, was partly soluble also in ethyl alcohol. 
The odoriferous substance was found to be an organic compound, possibly 
an organic amine; this in high concentrations had a distinct manurial 
odour, but in very high dilutions, preferably with slightly alkaline water, 
the odour became markedly “earthy”. 

The question of the production of an “earthy” odour by actino- 
mycetes became of some practical importance recently, when it was 
reported that salmon caught in one of the richest salmon rivers of the 
kingdom had been found contaminated with an “earthy” taint which 
was particularly noticeable on boiling and which rendered the flesh of 
the fish quite uneatable. 

When the complaint was brought to the writer’s notice various sug- 
gestions had been put forward to explain the cause ; one suggestion was 
that the fish in their progress up river had swallowed an excessive amount 
of mud introduced into the water by dredging operations some miles 
above the station where the affected fish were caught. The intestines of 
the contaminated fish examined, however, were free from mud and were, 
in fact, practically empty. 

In a preliminary investigation of the problem, the staff of the Govern- 
ment Laboratory had observed that good drinking water in which sample 
pieces of tainted fish were cooked acquired an “earthy” taint, and that, 
on boiling, the odour was largely transferred from the fish and the water 
to the steam. These observations indicated that the “earthy” taint was 
due to some substance in the flesh of the fish, and that the substance 
was soluble in water and volatile in steam. It was observed also that 
water withdrawn from the river, even after filtration to remove sus- 
pended matter, had an “earthy” odour similar to that of the tainted 
fish. 

At this stage of the investigation, after inspecting samples of the 
tainted water, the writer suggested that the “earthy” odour might be 
produced by certain actinomycetes. Later, the writer travelled by launch 
down the river from the tidal limit and examined samples of water, 
taken every few yards, for the presence of “earthy” odours. It was 
thought that, if growth of Actinomyces were the cause of contamination, 
the intensity of the odour would vary with the degree of Actinomyces 
development at the place of sampling. 
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The odour characteristic of Actinomyces growth wsis first noticed 
about J mile below the upper limit of the tide. From this point over a 
distance of about 1000 yards down-stream, the water must have been 
badly contaminated since even the air above it was charged with the 
odour. The odour was particularly strong along one of the banks where 
mud, overgrown with reeds, had accumulated. Along the apposite bank 
the water was comparatively free from odour, but the taint was observed 
down the river, particularly in mid-stream, for more than a mile below 
the reed-covered mud bank. Above the tidal limit the water was free 
from odour, even in close proximity to the dredging operations, where 
the amount of suspended matter was higher than below the tidal limit. 

Since the odour appeared to be confined to a comparatively restricted 
part of the tidal section of the river, it was decided to examine this part 
for odour-producing actinomycetes. 

An exhaustive bacteriological analysis of the suspected section of the 
river was carried out with a view to determining the numbers and types 
of actinomycetes present. For this purpose samples of mud, water and 
decaying vegetation were taken at various distances below the tidal limit. 
Spore formation by actinomycetes in these samples was unlikely since 
the material had been permanently submerged, a condition which pre- 
vents spore formation by actinomycetes of group I of 0r8kov(iO), to 
which the odoriferous types belong. Each colony appearing on the 
culture media could, therefore, be assumed to represent an active focus 
of Actinomyces growth in the material and not merely one out of perhaps 
many million spores formed by a single focus of growth. 

In Table I the results are given for the numbers of colonies of actino- 
mycetes per gram of material which grew on the plates. Several types 
of ActinomyceSy usually three or four, grew from each sample of material, 
but in all samples the odoriferous species prevailed. 

Table I 

Left bank of river Right bank of river 

^ , , ^ . 

No. of yards below tidal limit: 

120 200 220 600 1,100 120 220 600 1,100 

No. of Actinomyces per gm. of material: 

280,000 220,000 609,000 330,000 400,000 8,400 870 (?) 600,000 362,000 

The numbers were not high compared with the figures recorded in 
the literature for many soils (Waksmann(ii)), but conditions in soil are 
hardly comparable with those in submerged river mud, since spore 
formation usually occurs extensively in aerated soils and one focus of 
Actinomyces growth may give rise to millions of spores each of which 
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may be represented by a separate colony on the culture media, while 
under waterlogged conditions spore formation does not usually occur. 

More instructive, therefore, than a comparison with aerated soils is 
one with the numbers obtainable from waterlogged materials of other 
rivers not contaminated by a perceptible “earthy’’ odour or taste. 
Material of this kind from the River Thames at Teddington gave 13,000 
Actinomyces colonies per gram of submerged river mud, 52,000 colonies 
per gram of waterlogged vegetation and 244,000 colonies per gram of 
vegetation removed from the dry bank of the river. The number of 
actinomycetes in material from the worst stretch of the contaminated 
river were, therefore, from nineteen to fifty times higher than in the 
mud from the River Thames, and none of the species from the Thames 
mud was of an odoriferous type. The numbers in the samples from the 
contaminated river represent an abnormally high proportion of actino- 
mycetes in the microflora. 

The lowest numbers in Table I were obtained at two stations on the 
right bank, 120 and 200 yards below the tidal limit, where the odour of 
the water was slight. Along the left bank actinomycetes were numerous 
at all the stations examined, particularly at 220 yards (near the point 
of discharge of sewage effluent into the river) where the earthy odour of 
the water was strong. The actinomycetes at this place appeared actively 
to destroy the submerged reeds. In one instance the bases of the sub- 
merged reeds yielded as many as 520,000 actinomycetes per gram while 
the surface mud at the same place gave only 280,000 per gram. In 
another place the bases of the reeds yielded 760,000 actinomycetes per 
gram and the mud 4 in. below the surface less than 1000. Surface mud 
from another part of the bank of reeds yielded 400,000 colonies per gram, 
while surface mud taken 5 yards beyond the bank towards mid-stream 
harboured no more than 86,000 per gram. It was concluded, therefore, 
that the whole of this reed bank was an important seat of Actinomyces 
activity. Activity of actinomycetes was not, however, restricted to this 
bank; a thorough examination of the banks of the whole of the tidal 
part of the river as well as of the surrounding fields revealed very high 
numbers of odoriferous actinomycetes, which may have contributed 
some part of the odoriferous substance dissolved in the river water. 

The next point to investigate was whether the “earthy” taint in the 
river water, caused by actinomycetes, could be imparted to fish living 
in the water and, if so, how such contamination of the fish occurred. 
Salmon, which enter the river from the sea, may remain for only a brief 
period in the tidal reaches. If, therefore, they become tainted with the 
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“earthy” odour, the transference of the odour to the fish must be fairly 
rapid. For this reason it seemed likely that the passage of the odour 
into the fish took place through the gills and that it was carried with 
the blood stream to the various tissues, notably the muscles. An account 
of the investigation carried out to ascertain the effect of Actinomyces 
odour on fish is given in the second paper of this series in which it is 
shown that an “earthy” taint in the flesh can be produced experi- 
mentally in the laboratory. For the purpose of these experiments, the 
suspected strain of Actinomyces was grown in broth of the composition 
ordinarily used in bacteriological work. After 5 days’ growth the broth 
had acquired a strong Actinomyces or “earthy” odour. It was found 
that by distillation of the broth at ordinary pressure, the odoriferous 
substance could be transferred in concentrated form to the distillate. 
The distillates used in the experiments with fish were prepared from 
broth in which the Actinomyces had grown for 20 days; they gave a 
strong positive reaction with Nessler’s reagent and contained ammonia 
in addition to the odoriferous substance. This substance could be sepa- 
rated from the ammonia by extraction of the distillate with ether in 
which it was soluble. After removal of the ether, the concentrated sub- 
stance consisted of a brown amorphous material with a strong manurial 
smell. When diluted two parts in ten million parts of water of a slightly 
alkaline reaction (pH 7’5-8-0) the substance had a typical Actinomyces 
or “ earthy ” odour. Dilutions of the ether-extracted substance equivalent 
to 1 part and 5 parts per million parts of water were used for the experi- 
ments with fish; they represented concentrations approximately equal 
to those in the contaminated river water. 

Summary 

Certain types of Actinomyces produce a pungent odour which has 
frequently been described as “earthy”. This odour is caused by an 
organic compound which is slightly soluble in water, volatile in steam, 
soluble in ether, and partly soluble in alcohol. In concentrated form 
the substance forms a brown amorphous material with a penetrating 
manurial odour. 

When dissolved in water in concentrations as low as two parts in 
ten million it imparts to the water a pungent Actinomyces or “earthy” 
taint which is particularly noticeable when the reaction of the water is 
maintained on the alkaline side of the neutral point. 

The existence of an excessive contamination of an important salmon 
river with odour-producing actinomycetes was established. This con- 
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tamination and the resultant pollution of the water with a pungent 
“earthy’’ taint was restricted to the tidal part of the river, where de- 
caying organic matter was abundant. 

Acknowledgment is due to the Inspector of Salmon Fisheries for 
Scotland for his interest in the work. Thanks are also due to the Director 
of Chemical Research in the Department of Scientific and Industrial 
Research for facilities afforded in publication of the results of these 
experiments with which the Water Pollution Research Board of the 
Department has also been concerned. 
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THE ORIGIN OF AN EARTHY OR MUDDY TAINT 

IN FISH 

II. THE EFFECT ON FISH OF THE TAINT PRODUCED BY 
AN ODORIFEROUS SPECIES OF ACTINOMYCES 

By a. C. THAYSEN 

(Microbiological Section, Chemical Research Laboratory, Teddington), 

AND F. T. K. PENTELOW 
(Fisheries Research Station, Alresford) 

In the preceding paper (i) one of the writers (A. C. T.) reported the isola- 
tion from an important salmon river of a species of Actinomyces which 
produced a pungent ‘‘earthy” odour. The odour was due to an organic 
compound produced by the organism during growth. The compound was 
volatile in steam, soluble in ether, partly soluble in alcohol and slightly 
soluble in water; it could be isolated by distilling cultures of the organism 
and extracting the distillate with ether; thus obtained it was a brown 
amorphous mass of distinct manurial odour. When diluted one part in 
five million parts of water it imparted to the water a distinct “earthy” 
taint apparently identical with that in the tainted river water. The 
odoriferous substances from the cultures and in the river water were 
both volatile in steam and nauseatingly “earthy”. 

In the earlier paper it was suggested that fish travelling through 
water contaminated by the substance with an “earthy” odour, such as 
that produced by odoriferous actinomycetes, would absorb the substance 
as the water passed through their gills and would distribute it with the 
blood stream throughout their bodies where it might accumulate in the 
muscular tissues. It was thought that this mode of contamination would 
be more likely to lead to a rapid tainting of the flesh of the fiah than 
other methods suggested, namely that fish in their passage through the 
contaminated water would swallow large quantities of river mud, or 
that a deposit of river mud on the skin of the fish would lead to tainting 
of the flesh. The suspended mud in the river water, however, did not 
possess the peculiar “earthy” odour of the affected fish. 

For the purpose of ascertaining whether the flesh of fish in contact 
for short periods with water tainted by the odoriferous substance 
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produced by actinomycetes would also become tainted, several series of 
experiments, which are described in the following paragraphs, were 
carried out. As salmon could not be obtained for the trials brown trout 
and rainbow trout were used. 

In the first series a stock of brown trout was procured from a com- 
mercial hatchery. These fish as received had no “earthy” taint and 
remained free from any suspicion of the taint when stored in a stock 
pond at the Fisheries Research Station, Alresford. 

A solution of the distillate, prepared as described in the preceding 
paper (1) from cultures of the odoriferous Actinomyces, was diluted with 
water from the River Itchen in the proportions of 1 of distillate in 6 of 
the mixture, 1 in 10, 1 in 20, 1 in 100 and 1 in 200, giving concentrations 
of odour-producing substance of the order of 40, 20, 10, 2 and 1 parts 
per million respectively. In the two highest concentrations the fish 
showed symptoms of poisoning, but this was mainly if not entirely 
attributable to high concentrations of ammonia in the distillate; other 
experiments showed ammonia to be highly toxic to fish. In all instances 
the fish were removed after 1 hour, killed, washed thoroughly and cooked 
by boiling rapidly for a few minutes in water containing a small quantity 
of common salt. 

In every instance the flesh of the fish had acquired a marked “ earthy ” 
odour and flavour. In those fish subjected to dilutions with water of 
1 of distillate in 5, 1 in 10 and 1 in 20, that taint was nauseatingly strong. 
The more dilute solutions produced a taint of the same nature, but it 
was not so strong though the flesh was definitely unpalatable. The taint 
could be detected not only in the cooked but in the uncooked flesh and 
in the water in which the fish were cooked. Fish from the same stock 
pond, subjected to the same treatment except that no distillate was 
added to the water, did not acquire any “earthy” taint. 

An experiment was then carried out, using the brown amorphous 
substance separated from the distillate by extraction with ether. This 
substance, when dissolved in River Itchen water in the proportion of 
5 parts per million, imparted to trout in I hour the same degree of taint 
as that produced by solutions of the distillate of approximately the same 
concentration (1 in 40). 

In the course of later experiments it was found that rainbow trout 
recently obtained from a hatchery had, when cooked, a distinct “ earthy ” 
taste of the same nature as that in fish which had been subjected to 
exposure to the distillate from Actinomyces, A visit was therefore paid 
to the pond in which these fish had been stored and samples of mud 
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and water were taken. These samples had a distinct “earthy” odour, 
and bacteriological examination showed that they contained odoriferous 
Actinomyces amounting in numbers to approximately 19 per cent, of 
the total microflora. 

A stock of rainbow trout from this hatchery was stored in a pond 
at the Fisheries Research Station, Alresford, for about a week. At the 
end of this period the taint in the killed and cooked fish was imper- 
ceptible. A sample of the mud from the pond containing the Actinomyces 
taint was mixed with River Itchen water and a rainbow trout was placed 
in the mixture for 1 hour. At the end of that time the fish was killed, 
cleaned and washed. An “earthy” odour was perceptible in the flesh 
of the fish, and after cooking the fish had a distinct “earthy” taint, 
which could also be detected in the water used for cooking. This taint 
was similar to that produced by the brown amorphous substance isolated 
from distillates of cultures of the Actinomyces from the infected salmon 
river previously investigated. 

In another experiment trout were exposed to a heavy suspension of 
mud free from the odour associated with actinomycetes. In this experi- 
ment, although the fish were left in contact with the suspension for 
4 hours, no “earthy” taint could be detected, either by taste or smell, 
in the uncooked or cooked flesh or in the water in which the fish were 
cooked. 

From these experiments it appears reasonable to conclude that the 
“earthy” taint sometimes found in the flesh of fresh-water fish is due 
not to mud but to a substance derived from an odoriferous species of 
Actinomyces, which infects the water in which the fish live. 

From the rapidity with which the “earthy” taint permeated from 
the water into the flesh of the fish it seemed probable that it entered 
through the gills and was carried into the muscles of the fish by the 
blood stream. A series of experiments was carried out to test this 
hypothesis. 

It was found that dead fish when placed for 1 or 2 hours in a solution 
of 2 parts and 20 parts per million of the ether-extracted odour-producing 
substance acquired no taint, although live fish were strongly tainted 
after 1 hour. In the course of some confirmatory experiments it was 
found that one trout, although it had been dead for 1 hour, became 
strongly tainted when immersed in a solution of 20 parts of the active 
substance per million, but in this instance one of the larger blood vessels 
in the gills had been ruptured and it is possible that the taint may have 
entered through the broken blood vessel. Further experiments confirmed 
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the original observation that uninjured dead trout do not acquire the 
taint. 

By the use of a rubber balloon it was found possible to confine a 
trout so that its head and gills were exposed to one solution and its body 
to another. The narrow end of the balloon was distended and bound 
tightly to the open end of a cylindrical aluminium case. The fish was 
inserted through the stretched neck of the balloon into the cylinder. 
When the neck of the balloon was released it fitted tightly round the 
fish in the region of the pectoral fins, and liquid in the cylinder was 
completely isolated from the outside. By this method it was possible to 
permit fish to breathe clean water while their bodies were immersed in 
a solution of the odoriferous substance, or to breathe the solution of 
active substance whilst their bodies were in clean water. In these experi- 
ments it was found that fish breathing tainted water invariably acquired 
a strong “earthy” taste, while those breathing clean water but with 
their bodies exposed to the solution of Actinomyces extract never acquired 
a taint. 

These experiments strongly suggest that the taint enters the fish 
principally through the gills and is carried to the muscles by the blood 
stream. There is no evidence that tainting can occur through the skin 
though it is possible that the taint might be acquired from water taken 
into the stomach. This could not be determined. 

The removal of the taint 

In cookery books it is generally recommended that fresh-water fish 
taken from muddy rivers or ponds should be kept in running water for 
a few days before they are required for the table “in order to remove 
the muddy taste”. It was found experimentally that eight trout which 
had been exposed for 1 hour to a solution containing 10 parts of the 
odoriferous substance per million parts of water and which had acquired 
a strong “earthy” taint lost this taint gradually when kept in clean 
running water for some time. Seven of these tainted fish were placed 
in a tank of about 140 litres capacity supplied with clean River Itchen 
water at the rate of approximately 600 c.c. per min. The filsh were removed 
one by one at intervals of 4 hours, 10 hours, 22 hours, 27 hours, 2 days, 
3 days, and 6 days. Up to 27 hours no diminution of the taint was 
apparent, but it then became less marked and in the fish killed after 
2 and 3 days it was definitely weaker though still obvious. In the fish 
killed after 6 days no taint could be detected. In another experiment 
three rainbow trout were exposed to the mud containing Actinomyces 
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growth for 2 hours. One fish was then killed and found to be distinctly 
tainted. The other two fish were transferred to a small tank of a capacity 
of 33 litres supplied with River Itchen water at a rate which varied from 
600 to 900 c.c. per min., averaging about 760 c.c. per min. One fish 
was found dead after 2 days and cooked. The taint was still distinct. 
The other fish was killed after 6 days and was found to be quite free 
from any muddy taste. 

These preliminary experiments indicate that the rapidity with which 
the taint is acquired is in marked contrast to the rate of its removal by 
clean water. 

The Inspector of Salmon Fisheries for Scotland kindly arranged for 
some of the prepared extract from odoriferous Actinomyces to be em- 
ployed in experiments with sea trout. The results of these experiments 
were similar to those obtained with brown trout in the experiments 
described in this paper. 


Summary 

1. A muddy or ** earthy” taste can be imparted to the flesh of trout 
by material produced by an odoriferous Actinomyces, 

2. The taste resembles that imparted by a natural mud rich in 
actinomycetes . 

3. The taint appears to be acquired through the gills and to be 
carried in the blood stream. 

4. The taint can be slowly removed by clean flowing water. 

The authors wish to express their thanks to the Director of Fishery 
Investigations of the Ministry of Agriculture and Fisheries for permission 
to publish these results, and to the Inspector of Salmon Fisheries for 
Scotland for his interest in the work. Acknowledgment is also due to 
the Director of Chemical Research in the Department of Scientific and 
Industrial Research for facilities afforded in publication of the results 
of these experiments with which the Water Pollution Research Board 
of the Department has also been concerned. 
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THE SORGHUM MIDGE IN THE ANGLO-EGYPTIAN 

SUDAN 

By J. W. COWLAND, B.A. 

(Entomologist, Agricultural Research Service, Wad Medani, Sudan) 

(With Plate IV) 

Introduction and history 

Sterility or partial sterility of the heads of dura, Sorghum caudatum 
Stapf., has been seen in varying intensity for several years in the Blue 
and White Nile Provinces of the Anglo-Egyptian Sudan (Plate IV A, B). 
Severe losses of a similar nature are caused in the United States of 
America by Contarinia sorghicola (Coq.) in all the principal sorghum- 
producing areas, particularly in the Gulf States (i). 

This condition of sterility is well known to the natives by the name 
“Masa”, but native opinion differed as to the cause. Heavy rainfall 
while the crop was in flower had been blamed, and also lack of rain at 
a critical period of plant growth. “Masa” is generally worse in years 
of heavy late rains, but as a single head of dura takes many days to 
complete its flowering, no meteorological factor could account for the 
complete sterility of heads over large areas, as conditions vary widely 
at that period. 

Punter (2), while working on sorghums, was the first to point out that 
midge larvae were the cause of the damage in the Sudan, and this obser- 
vation has been fully confirmed. There is no doubt that “ Masa ” damage 
has often in the past erroneously been attributed to the Pentatomid bug, 
Agonoscelis versicolor F. 

Identity 

Specimens of the adult midges were first sent to the Imperial Institute 
of Entomology for identification in 1932 by Mr H. B. Johnston. Dr H. F. 
Barnes of Rothamsted Experimental Station, who examined the speci- 
mens (Barnes Collection, Cecid. 2095-7), stated that they were a species 
of Contarinia, and drew attention to the fact that certain species of this 
genus, notably C. sorghicola (Coq.), were known as pests on various 
species of Andropogon, preventing seed production in the U.8.A., India 
and Italy. Later, in November 1934, the present writer submitted 
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specimens of larvae, pupae and adults to Dr Barnes for determination. 
He tells me now that, thanks to the kindness of Dr E. P. Felt, Director 
of the Bartlett Tree Research Laboratories, Stamford, Conn, and of 
Mr E. V. Walter, in charge of the U.S. Federal San Antonio Station, he 
has been able to compare my material (Cecid. 2385-93 and 2505-8) with 
specimens (Cecid. 2509-23) of Contarinia sorghicola (Coq.) from San 
Antonio, Texas. He can find no constant differences between the speci- 
mens from the Sudan and those from Texas, therefore the Sudanese 
midge can be considered to be C. sorghicola (Coq.). Dr Barnes has 
pointed out to me, however, that, as certain species of the genus Con- 
tarinia are morphologically so similar, the final test of cojispecificity 
must be interbreeding experiments. 

Description 

The fly measures about 2 mm. in length, the wings when closed ex- 
tending just beyond the tip of the abdomen. Its slender body is bright 
red with dark plates across the terga. Antennae are brown and very 
long. Head, thorax and legs dark brown. Wings transparent, but slightly 
dusky in colour. The female is slightly larger than the male with a long 
ovipositor which enables her to deposit her eggs within the flowering 
spikelets. 

The egg is elongate in form, orange yellow in colour and measures 
0-4 mm. in length and 0-1 mm. in width. 

The larvae are typical midge larvae, at first creamy white, but soon 
suffused with orange red, with small darkened mouth parts. When full 
grown, the larvae reach a length of mm. and become redder. 

The pupae are about 2 mm. in length, bright red in colour with dark 
head, thorax, wing cases and legs. 

The resting larvae are enclosed in a puparium surrounded by a few 
strands of silk. The colour of the puparium is a light tan. 

Distribution 

The midge, as far as at present known, occurs in a belt running east 
and west through southern Kassala, Blue and White Nile Provinces. 
The southern and northern limits are at present unknown. 

Life history 

All stages can be found in the field from the end of September until 
the end of December. Adults from the resting generation emerge during 
the latter part of the rains. 
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The eggs are laid in the spikelets on the inner wall of the glumes or 
between the pales. Oviposition takes place at a very early stage while 
the anthers are still enclosed within the spikelets, or as soon as they 
extrude. The eggs are laid singly, although as many as six have been 
found in one spikelet, probably laid by several females. 

The larvae obtain their nutriment from the young grain whose 
further growth is completely arrested. One larva is sufiScient to cause 
the abortion of the grain in a spikelet, but as many as three have been 
known to mature in one spikelet. 

Considerable red staining occurs on the shrivelled grain and pales 
of the spikelet during midge attack. 

The larvae, when full fed, pupate in the spikelet, and adults emerge 
a few days later. There is generally a high preponderance of females. 
The females are most active in the morning and can be observed busy 
ovipositing on the spikelets. 

At the end of December, or early in January, the larvae within the 
spikelet form cocoons and remain within as resting larvae. In this way 
they are able to pass over until the following season. 

Damage and control 

No damage by this midge has been noticed on dura flowering before 
the middle of September, but it can be very severe, especially to late- 
sown dura or heavy tillering varieties after that date. No variety of 
dura escaped infestation by the midge, although there seem to be degrees 
of resistance. The grass “Addar” (Sorghum halepense Pers.) is also 
infested in this area. 

In the Blue Nile Province, Feterita dura is the main variety and is 
sown either on rain land as soon as sufiicient rain has fallen to germinate 
the seed, or on irrigated land. In both cases sowing normally takes 
place about the end of July, or early in August. The plants flower 
40-50 days after sowing. 

The damage varies from year to year but reductions of IJ ardebs 
(1 ardeb = 336 lb.) of grain per feddan or a 25 per cent, loss is not 
uncommon. 

The main heads of dura in most years practically escape injury, but 
in some years especially when much resowing takes place a large pro- 
portion of the heads may be rendered more or less sterile. Damage is 
nearly always severe in late tillering shoots. Those flowering during 
October may suffer as much as 50 per cent, sterile heads, while those 
flowering in November may be a complete loss. 
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Until more detailed information is available regarding the biology of 
this insect, no definite control measures can be recommended. There are 
strong indications that by early and close sowing of a non-tillering 
variety of dura, a good crop can be obtained before the midge has 
become numerous. As, however, the possibility of early sowing is de- 
pendent on a sufficiency of rain at an early date, this measure cannot 
be relied on. 

Summary 

The sorghum midge, Contarinia sorghicola (Coq.), is reported for the 
first time from the Anglo-Egyptian Sudan. 

A short account is given of the distribution, life history, damage and 
control of this midge as it occurs in the Anglo-Egyptian Sudan. 
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EXPLANATION OF PLATE IV 


Heads of Sudan Fetenta dura; A, healthy; B, sterile, attacked by larvae of the sorghum 
midge, Contarxnia sorghicola (Coq.), 
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SOME NOTES ON THE MORPHOLOGY OF THE 
IMMATURE STAGES OF SOME BRITISH 
CHAFER BEETLES 

By J. HAVELOCK FIDLER, B.A., Ph.D., F.R.E.S. 

{Entomological Laboratory, The University, Residing) 

(With 7 Text-figures) 

Introduction 

Genera of the subfamily Melolonthinae (Coleopt.) which occur in the 
British Isles number in all only five, namely Hoplia, Homaloplia, Serica, 
Amphimallus and Melolontha ; of these, the three latter are of considerable 
economic importance. In spite of this fact, little work seems to have 
been done on the morphology of the immature stages of these pests. 

The following descriptions are primarily intended therefore as a 
means of identification of the species, but since the three commonest of 
these, namely, Melolontha melolontha L., Amphimallus solstitialis L. and 
Serica brunnea L., have received little attention since Schiodte(ii) and 
Perris (8) figured them over fifty years ago, a detailed study has been 
carried out in the light of more modern conceptions of morphology. 
A description of the internal structures has not been undertaken, since 
it seemed to be of less economic importance. Edwards ( 3 ) and Dufour(2) 
have both, however, made very close studies of the internal morphology 
of larvae of the Scarabaeoid type, and it seems probable that the larvae 
of the Melolonthinae are very similar to those they have studied. 

The descriptive text of the paper is divided into sections dealing 
with each of the different stages of the insects, and the subject is treated 
from a comparative point of view. In the summary an identification 
table is drawn up, including most of the Scarabaeoid larvae which cause 
damage to crops in this country. This is intended only for rough practical 
use, since for complete certainty in identification reference must be made 
to the fuller descriptions. 

Details of the adult stages are not included, since these can be found 
adequately described and figured in such text-books as Fowler ( 5 ). 
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A. Eqg stage 

The eggs of all three species are ovate in shape, being rather elongate 
when first laid, but becoming rather broader just previous to hatching. 
In colour they are white to creamish, those of Serica appearing a little 
whiter than those of the other two species. The surface of the egg in 
Amphimallus and Serica is rather dull and matt, although it appears 
quite smooth under the microscope. With Melolontha, on the other hand, 
the surface is distinctly granulose, being covered with small pits very 
reminiscent of the stridulating area on the larval mandibles of this 
species. 

The chorion of the eggs is transparent and the embryo larva can be 
distinguished through it. The surface is usually covered with a sticky 
substance secreted by the colleterial glands. The sizes of the eggs do not 
vary a great deal from the mean for each species, although these differ 
widely. Table I shows the average dimensions of the eggs soon after 
they are laid. 

Table I 

Average dirrvensions of eggs ^ in mm. 

Width Length 

M, niehlotUha 2*39 2-92 

A.solsiitialis 1-37 2-16 

S, brunnea 1-27 1*63 

B. Larval stage 

The larvae of the Pleurosticti can be separated from those of the 
Laparosticti, according to Erichson(4), by the fact that the lobes of the 
maxillae are connate instead of being separate. The former group is 
again divided by this writer into larvae of the Cetonine-Dynastine type 
which have mandibles obtusely dentate at the apex, and furnished with 
transverse striae on the posterior surface, and those of the Melolonthine 
type which have mandibles with one smooth tooth at the apex and an 
unfurrowed posterior surface. 

In general appearance the larvae of all the Scarabaeoid species are 
very much alike, the thorax and abdomen, which are soft and fleshy, 
being ochreous white in colour, and the head a darker brown. When the 
larvae are well fed the food can often be seen through the semi-trans- 
parent viscera as dark brown or black at the posterior end of the abdomen. 
The body, which is elongate and round in section, is usually curved in 
a semicircle in a ventral direction, so that the radula is almost touching 

8-2 
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Fig. 1. Fourth instar larvae, from the right side. A, MdoUmiha meioloafAo, L. x 2| ; 
B, Am^^itncUlus eolstitialM, L. xS^; C, 8erica brunnea, L.x6^, tneso. meeothorax; 
meia, metathoraz; pro. prothorax; rad. radula; 1-10, segments of abdomen. 
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the mouth parts (Fig. 1 A, B, C). If the larvae of any of these species 
are placed on a smooth flat surface, they will in most cases be able to 
crawl about on their legs with the abdomen stretched out behind; 
Melolontha, however, is unable to do this, apparently because it cannot 
straighten the body enough. Cetonia also seldom crawls on its legs, but 
moves on its back by means of the caudally pointing hairs thereon, 
using the legs only for digging. 

The thorax may in most cases only be differentiated from the abdomen 
by the presence of three pairs of thoracic legs. The abdomen also varies 
slightly in shape in the different species, in some being club-shaped and 
slightly pointed at the caudal end, while in others it is blunt and 
rounded. 

The different portions of the mature larvae of the three commonest 
species of the British Melolonthinae, as defined above, will be described 
in detail in the following pages. The present writer has been imable to 
note any marked morphological differences between the separate instars 
of a species, other than the gradual increase in size. The forms of the 
spiracles and labrum-epipharynx, which might be expected to vary, are 
in every case identical right through the larval stages; also there is no 
sign of an egg burster such as Ritterschaus(9) describes in the first instar 
of Phyllopertha. There is, nevertheless, an increase in the number of 
spines in the radula in each succeeding instar; a fact which helps to 
confuse the early stages of Melolontha with the more mature ones of 
Amphimallus and Phyllopertha. The post-embryonic changes in the 
Scarabaeoidea have been further studied by 6randi{6). 

The larva of Hoplia, of which there are few very detailed descriptions 
available, may be recognised by the following characters: fourth joint 
of the antenna half the length of the third ; anal orifice transverse and 
slightly angulate; posterior half of the last abdominal segment having 
on the ventral side two parallel rows of spines covering more than three- 
quarters of this part; on either side of these rows are small areas of 
scattered bristles; this segment is irregularly and lightly fluted on the 
dorsal side. 


(1) Head 

The head (Fig. 2) of the larva is the most heavily chitinised portion 
of the body and the darkest in colour. In all three species the colour is 
light ferruginous, shading into black at the distal corners of the clypeus 
and the tips of the mandibles. The head is borne at right angles to the 
long axis of the body, with the mouthparts pointing ventrally, but in 
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Serica the ventral side of the head is directed a little more anteriorly 
than in the other two species. 

In gross anatomy the heads of all three species are very similar, and 
only vary slightly in shape and the relative proportions of the parts. 





Fig. 2. Anterior Ottd caudal aspects of larval head. Anterior: A, Melolontha; B, Amphi- 
TncUlus; C, Serica. Caudal: D, Meloloniha; E, AmphimaUus; F, Serica. ant. antenna; 
ca. cervical area; clyp. clypeus; epic, epicranium; fre. frons; labr. labrum; max. 
maxillae; mdb. mandible; mnt. mentum; ocf. occipital foramen; prec. preclypeus; 
abm. submentum; aec.aut. secondary suture; sut. epicranial suture. 


119 


J. Havelock Fidler 

Serica has perhaps the broadest head capsule, being slightly flattened 
dorsally, while Amphimallm has the narrowest in proportion to its length. 
The epicranium (ejyic,) is divided dorsally by a suture (sut.) running 
longitudinally and branching Y-shaped, passing in a ventral direction 
round the borders of the frons {frs.). In Melolontha there is a secondary 
suture (sec.siU.) or depression which Hayes ( 7 ) considers to be a vestigial 
suture disappearing in the course of specialisation. This suture is difficult 
to locate in Amphimallus and wanting in Serica. 

Situated on the anterior side of the head capsule are a number of 
small depressions, all three species having a pair on the epicranium just 
dorsal to the branches of the epicranial suture. In Melolontha there is 
another pair at the ventral end of the secondary sutures, and in Amphi- 
mallus two pairs on the frons, one pair being slightly dorsal to the other. 
Serica is similar to the latter except that the dorsal pair on the frons 
is wanting. From a caudal view, the head presents a large occipital 
foramen (ocf.) which varies in shape in each of the three species. Round 
this is a slight ridge enclosing an area (ca.) on which are attached the 
muscles and membrane of the cervix. Ocelli seem to be entirely wanting, 
although in Serica there is a small patch of pigmented cells just dorsal to 
the base of the antennae. These do not seem to have been noted by other 
writers, and it is unknown whether they are sensitive to light or not. 

(2) Antennae 

The antennae (Fig. 4 A, B, C) are situated on the head in a position 
slightly caudal to the base of the mandibles. Most writers now consider 
the antennae to be made up of five joints, instead of four as was 
originally thought. The first joint, which is short and boss-like, is more 
or less fused with the head. The next three joints are longer and their 
relative lengths vary in the three species. In Melolontha all three are 
about the same length; in Amphimallus the third joint is the longest 
and the second is shorter than the fourth ; in Serica the third is also the 
longest, but the second and fourth are equal in length. The fifth joint is 
short and pointed, with a group of sensillae at the tip and three sensory 
patches on the sides. In all three species the fourth joint bears on its 
distal side a process which projects forward about one-third the length 
of the fifth joint. 

(3) Labrum-epipharynx 

Although of ^eat taxonomic importance, the epipharynx of the 
European Scarabaeidae has not received a great deal of attention. 
Schiodte(ii) figured that of Geotrupes, and Ritterschau8(i0) has described 
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Fig. 3. Appendages of the head and thorax. Caudal aspect of mandibles: A, MeUAotUha; 
B, AmphimaUus; C, Serica, Cephalic aspect of right maxilla: D, Melolontka; E, Amphi- 
maUus; F, Serica, Left thoracic legs: G, MeloUmtha; H, AmphimaUus; I, Serica. 
ac. acia; aloe. alacM^o; cp, chitinous pegs; dent, dentes; /e^. femur; gal. galea; 
lab, labacoria; lac. lacinia; Ua. light area; ma. molar area; msep. maxillary scraper; 
pj. palpifer; pta. postartis; sea. scissorial area; sto. stridulating area; stp. stipes; 
subc, Bubcardo; tb.trs. tibio-tarsus; troc, trochanter. 
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Fig. 4. Appendages of the head and abdomen. Right antenna: A, MMontha; B, Amphi- 
maUus; C, Serica. Left prothoracic spiracle: D, Mdolontha; E, Amphimallus; F, Serica. 
Hypopharynx: G, Mehlontha; H, Amphimallus; I, Serica. Epipharynx: J, MeloUmtha; 
K, Amphimallus; L, Serica. Ventral aspect of abdominal segments 9-10: M, Meloloniha; 
N, Amj^imaUus; O, Serica. ao. anal orifice; bl. bulla; cp. chitinous plate; dp. ohitinous 
pegs; dsa. distal sensoiy area; hst. hooked setae; lat.sd. lateral sclerites; kU.str. lateral 
striae; 1st. long setae; mxl. maxillula; pa. perforated area; psa. proximal sensory 
area; sm.str. submaiginal striae; sp. spines; sut. suture between segments 9 and 10; 
tp. toothed projection; irm. torma; trs.scl. transverse sderite. 


122 Morphology of Immature Stages of Chafer Beetles 

those of Anomala aenea De G. and Phyllopertha hmticola L. in great 
detail; also Hayes ( 7 ) figured that of the American Serica species. 

The epipharynx (Fig. 4 J, K, L) is the ental side of the labrum and 
is separated from the clypeus by two chitinous plates, known as the 
tormae (trm.). Situated between these plates is the proximal sensory 
area (psa,) which is bordered with non-articulate setae and bears Ritter- 
schaus’ sense cone and chitinous plate (cp.). 

Distal to this area is a space surrounded by inwardly pointing arti- 
culate setae which are considerably less in number in Serica than in the 
other two. On the distal border of this space are the chitinous pegs (ctp.) 
and the distal sensory area (dsa.). Serica again differs by having only 
a very few of these pegs and a serrated chitinous plate running trans- 
verso-longitudinally. On the distal border of the epipharynx there are 
a number of long articulate setae, with smaller setae round the lateral 
borders. At the base of these smaller setae are the lateral striae (lat.str.), 
and Amphimallm differs from the other two in having in addition two 
lines of submarginal striae (sm.str.) situated in a position slightly lateral 
to the distal sensory area. 


(4) Mandibles 

The mandibles (Fig. 3 A, B, C) of all three species are very similar. 
They are the most heavily chitinised part of the head and have three 
masticating areas, namely the cutting area or dentes (dent.) at the distal 
extremity, the scissorial area (sea.), and the molar area (ma.) at the 
proximal end. This molar area, which in mastication probably works 
against the hypopharyngeal chitinisation, shows a very marked asym- 
metry between the right and left mandibles, that of the left being larger 
at the distal end than that of the right mandible. Along the proximal 
edge of this area is a setaceous portion known as the acia (ac.). The 
caudal side of the mandibles contains the “ light area ” (lia.), which varies 
in size in each of the three species; on the edge of this is the stridulating 
area (sta.) described by Schiodte(i2). In Melolontha this consists of a 
granulated area made up of a number of small pits arranged like the 
cells of a honeycomb; in this species it is on the distal border of the 
light area. 

In Amphimallus and Serica this granulation is very minute and can 
only be seen with diflSculty even under the microscope; in the former 
species it covers most of the light area, but is heaviest on the distal 
border. In the latter, according to Schiodte(i2), it is to be found on the 
proximal border of the light area, but there is a number (about ten) of 
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large pits on the distal border which may be used in stridulating, since 
in Serica the maxillary scraper is long in comparison with those of the 
other two species. 

(5) Maxillae 

The maxillae (Fig. 3 D, E, F) are of the general masticatory type, 
with few modifications. The cardo is divided into two parts, the proximal 
subcardo (svbc.) and the distal alacardo (aloe,). The stipes (sip,), which 
is large and at right angles to the cardo, is connected to the latter and 
the labium by a membrane known as the labacoria. In Melolontha the 
galea (gal.) and the lacinia (lac,) are fused to form a mala, although the 
line of fusion is still marked by a depression. In Amphimallus these two 
joints of the maxillae are only fused at the base, while in Serica they are 
practically free. Both the galea and the lacinia bear a number of 
chitinous spines and articulate bristles used in mastication. 

On the caudal side of each maxilla, and situated on the stipes, is the 
‘‘maxillary scraper”, which consists of a row of chitin teeth; this was 
described by Schiodte(i2) as a part of the stridulating organs. In Melo- 
lontha the teeth are less in number than in AmphimaUits, but in both 
cases they are supported by a number of chitinous ridges which branch 
oflf from one central ridge. In Serica, on the other hand, the teeth are 
very numerous and are situated on the edge of a chitinous plate, there 
being no ridges present. The palpifer (pf.) is on the lateral side of the 
maxilla, and bears a three-jointed palp. At the base of the palp and 
slightly ental to it, there is in Melolontha a chitinous peg of unknown 
function. 

Although these stridulating organs have been described for each of 
the species, there seems to be no positive record of any sound being 
heard ; the present writer has, however, noted a very distinct scraping 
sound given out by Serica larvae, 

(6) Labium-hypopharynx 

The hypopharynx (Fig. 4 G, H, I) is the ental side of the fused glossa 
and paraglossa, and has been described for PhyUopertha and Geotrupes 
by Carpenter (1) in some detail. The mentum and submentum of the 
labium project forward in an anterior direction, the ligula being borne 
at right angles to this in a ventral direction. At the base of the ligula 
is the hypopharyngeal chitinisation, made up of three sclerites, namely 
the transverse sclerite {trs.sd,) and two lateral sclerites (lat.sd,) against 
which Hayes (7) considers the mandibles to work in mastication. The shape 
of this chitinous area varies in the three species, but on the right side 
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it always bears Carpenter’s “toothed projection”. On the left side there 
is a setaceous area» of fairly large size in Mdolontha, which that writer 
considers to be the rudiment of the maxillula {mxh). 

Distal to this chitinised area is a very dense patch of setae, those in 
the centre being thick and pointing in a proximal direction except in 
Serica where they radiate out from a central bare space. On the distal 
border there are long thin setae pointing in a distal direction, with other 
setae pointing towards the central line between this and the above area. 
The labial palps, which are three jointed, are borne on the caudal side 
of the labium, and have slightly flattened tips which bear groups of 
sensillae. 


(7) Thorax and abdomen 

There is little apparent difference between the segments of the thorax 
and abdomen (Fig. 1), except that the former bear three pairs of well- 
developed legs. There is nevertheless some controversy as to the number 
of abdominal segments, some writers considering them to be nine and 
others ten in number. It seems more probable that there are ten and 
that the last two are becoming fused. Each of the segments is divided 
up on the dorsal side by transverse folds into a number of annulets, 
except in the case of the prothorax. The meso- and metathorax and the 
first five abdominal segments consist of three annulets. The middle one 
of these three is the largest and broadens out on the pleuron, while the 
cephalic annulet does not usually extend as far round as this. In Melo- 
lontha and Amphimallus the fifth, sixth and seventh segments have two 
annulets each, while those posterior to this have only one each. In 
Serica the sixth has three, the seventh and eighth two, and the ninth 
and tenth segments only one annulet each. 

On the side of the prothorax in Melolontha and Amphimallus there 
is a rather darker and more heavily chitinised patch. The presence of 
this patch in the larva of Cetonia aurata is usually quoted as distinguishing 
it from that of Melolontha. Since it is present in both larvae this character 
is of little use for identification; the two larvae are however very different 
in general appearance. 

Most of the body is covered with setae; these are of two kinds, long 
setae, and short spines which are found mostly on the dorsal side of 
segments two to seven of the abdomen. In Melolontha the long setation 
is very sparse, there being none on the pleuron or after the sixth ab- 
dominal sepnent. Amphimallus is similar except that there are no long 
setae on the dorsal side of the third to sixth abdominal segments. In 
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Serica there are considerably more of the long setae than in either of the 
above species both on the thorax and on the abdomen, but the distri- 
bution of the small spines is very much less dense. In all three species 
the legs bear a number of setae and there is a densely setaceous area, 
known as the radula, on the ventral side of the last abdominal segment. 
Since this is of great importance for identification purposes it will be 
treated separately. 

There are nine pairs of spiracles (Fig. 4 D, E, F), one pair being on 
the prothorax while there are pairs on each of the first eight abdominal 
segments. Details of the minute structure have been worked out by 
Ritterschaus(iO) for some of the Scarabaeidae, and those of the pro- 
thoracic spiracles are shown in the accompanying figures for the three 
species being here described. The spiracles consist mainly of a central 
bulla {hi.) surrounded by a perforated area through which respiration 
takes place. The abdominal spiracles only differ from these in that the 
emargination of this area is on the cephalic side instead of the caudal. 
In Melolontha and Amphimallus the size of the abdominal spiracles 
gradually decreases towards the caudal end. In Serica, however, they 
are all of the same size, but are difficult to locate on the abdomen since 
they are situated on the edge of a fold in the integument. 

(8) Legs 

There are present three pairs of thoracic legs (Fig. 3 G, H, I), and 
in the species imder consideration they are all well developed, but there 
is nevertheless a difference in their relative sizes. In all cases the first 
pair is the smallest and the last the largest. In Melolontha and Serica 
the second and third pairs are of equal size, but longer than the first 
pair ; but in Amphimallus the second pair is intermediate in size between 
the first and third pairs. The joints of the legs are generally considered 
to consist of a long coxa, followed by a short trochanter (troc.) borne at 
right angles to it, and a slightly longer femur (fern.). The last joint is 
usually considered to be either the tibia, with the tarsus wanting, or else 
formed by the tibia and tarsus having fused, since it bears a terminal 
claw. There is, however, towards the base of this claw and running round 
it, a small ridge which may represent the junction where the vestigial 
tarsus has become fused with the claw. This interpretation is rendered 
more probable by the facts that this basal portion of the claw bears 
setae, and is considerably larger in comparison with the remainder of 
the leg in the first instar larva. These facts are illustrated in the ac- 
companying photomicrographs (Figs. 6 and 6). 
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In the mature larva the size of the claw varies in each species. Those 
on the first pair of legs are always the largest, while those on the second 
pair in both Amphimallm and Serica are of an almost equal size to them. 
In Melolontha they are smaller than the first pair but larger than those 
on the last pair of legs which bear the smallest claws in each of the 




Fig. 5, Melolontha, Fourth instar larva, terminal joints of foreleg, x 30. 

(9) Radula and anal orifice 

The radula (Fig. 4 M, N, 0) has been described by a large number 
of writers, since its study is the easiest means of identification of the 
larvae in the field. It consists of a densely setaceous area on the ventral 
side of the last abdominal segment, and is thought to be used for cleaning 
the mouthparts. As on the rest of the body, the setation consists of long 
articulate setae {let.) and short spines {sp.). In Melolontha the short 
spines are arranged in two rows and point towards the medial line. The 
rows, which are made up of about twenty-five to thirty spines, converge 
slightly at both ends and stretch from a point just short of the anal 
orifice, over three-quarters of the distance to the suture (sut,) between 
the ninth and tenth segments. On either side of these rows are areas 
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covering about one-third of the caudal end of the segment, and which 
consist of short setae {hst.) with the ends turned over like hooks. There 
are also longer straight setae dorsal to the anal orifice. 

In Amyihimallus the two longitudinal rows of spines which are rela- 
tively a little longer than in Melolontha, and which are about twelve to 
fourteen in number, diverge at both ends, especially at the caudal end. 






Fig. 6. Amphiniallus. Newly hatched larva, x 15. 


The rows are also shorter than in the above species, covering only just 
over half the distance from the anus to the ninth segment. The areas of 
hooked setae on either side are triangular in shape, with their apices 
reaching as far as the cephalic end of the rows of spines, and their bases 
on a ridge just ventral to the anal orifice. In this species, as in Mdolonthay 
there are long straight setae lateral to these areas but also on the dorsal 
side of the anus. 
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In Serica there is only one row of spines which point in a caudal 
direction, and this runs along the ventral sector of a ridge which encircles 
the anal orifice. The two areas of short setae, which in this case are not 
hooked, are triangular in shape as in Amphimallics, but much smaller in 
extent. There is also an area of small setae inside the ridge which sur- 
rounds the anal orifice; the whole remainder of the caudal half of this 
segment is covered with long straight setae. In Serica the suture between 
the ninth and tenth segments is much more marked than in the other 
two species. 

The anal orifice (ao.) differs considerably in each of the three species. 
That of Melolontha is terminal and consists of a transverse slit widening 
in the centre, with a dorsal projecting lobe. AmphimaUas has an anus 
surrounded by three lobes, thus forming an orifice triangular in shape 
and caudo-ventral in position. The opening of the anus is however in 
the transverse slits, that running longitudinally being only a depression 
and shorter than the other two. Serica has an anal orifice of the same 
shape as this, except that the longest and most open slit is the longi- 
tudinal one ; also it is more terminal in position. 

C. Pupal stage 

The pupae of the Scarabaeoidea do not seem to have received as 
much attention in the past as the larvae. Although Schiodte(ii) gives 
notes on the pupae of the three genera in question, he does not figure 
any of the species common in this country. The following comparative 
descriptions will therefore be given in some detail. 

In general form the pupae of the Melolonthinae (Fig. 7) are of the 
exarate or free type; that is the legs, wings and appendages of the head 
are without secondary attachment, as is found in the obtect pupae, 
such as those of the Lepidoptera. The pupae are covered with a thin 
glossy integument, creamy white in colour; the eyes (ce.), spiracles and 
tips of the anal cerci {cer.) are however pigmented a dark brown. The 
body as a whole is slightly curved in a ventral direction, although the 
abdomen is capable of movement in a dorso ventral plane. 

The head, which is in a position ventral to the pronotum (pn.), faces 
caudoventraUy. The appendages of the head can be clearly recognised 
and are roughly of the adult form; thus it is possible to foretell the sex 
of the specimen by examining the length of the antennae {ant.) ; in Fig. 7 C 
is a Melolontha female, while males are figured for the other two species. 
The thorax is less visible from the ventral side, which is figured, than 
from the dorsal, where it is divided into three sclerites. The first of these, 
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Fig. 7. Pupal stage. Ventral aspect of pupa: A» AmphimaMus ( x3^); B, Serica ( x6j^); 
C, Melolontha ( x3i). ant. antenna; ao. anal orifice; c€. compound eye; cer. ceroi; 
clyp. olypeus; fra. frons; fw. forewing; gn. genitalia; hw. hindwing; lab. labium; 
labr. labrum; mdb. mandible; mel. mesothoraoio leg; mil. metathoracic leg; mxp. 
maxillary palp; pn, pronotum; ptl, prothoracio leg; 3—9, abdominal segments* 
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the pronotum (pn.), is broadest in the middle, the caudal angles being 
rounded except in Melolontha where they pro j ect strongly to the posterior as 
in the adult stage of this species. The mesonotum is small and rather of the 
shape of the adult scutellum but broader in Amphirmllus and Melolontha, 
the apex of this sclerite being transversely rugose in these two species. 
The third and remaining sclerite of the thorax, the metanotum, is broad 
and anteriorly subangulate where it meets the apex of the mesonotum. 

The legs (ptL, mel,, nUL), which in Serica are proportionately longer 
than those of the other two species, are of the adult form, having a similar 
number of joints. The division of the tarsi are quite visible but there is 
no claw, the last joint of each leg being similar to the tarsi but with a 
rounded convex end. The wings are small, the hind-wings (hw.) being 
only slightly larger than the elytra (fw,); in general shape they are like 
elongated, flattened sacs, the apices of which are rounded in the fore-wing 
and pointed in the hind-wing. The folded adult hind-wing may be seen 
through the integument in the process of formation, and also the lines 
and striae of the adult elytra can be just distinguished on the pupal 
fore-wing. The thoracic spiracles are hidden by the wings except for the 
first pair which are just visible. These and the first four pairs of ab- 
dominal spiracles are large and rounded and produced into a short tube ; 
the remaining spiracles are all smaller. 

The abdomen is divided into nine segments (3-9), being broad and 
rounded at the anterior end, but tapering towards the posterior. The 
first of these segments in Melolontha and Serica is raised slightly across 
the middle in a transverse ridge; in Amphimallus, on the other hand, 
this segment is flattened. The next five segments are strongly convex 
and rounded, except in Serica where the dorsal sides are raised into sharp 
transverse ridges nmning across the middle of each segment. The re- 
maining segments of the abdomen are longer and taper gradually towards 
the caudal end. In Melolontha and to a lesser extent in Amphimallus the 
sixth segment is concave posteriorly, the seventh being fitted into it. 

In Amphimallus and Melolontha on the dorsal side of the abdomen 
between segments four and five, and segments five and six, there is a 
small pigmented lunate ridge posterior to the middle margin which 
contains two raised bosses ; these appear to be wanting in Serica, 

On the ventral side of the eighth segment the developing adult 
genitalia may be seen, while on the ninth is the rudiment of the larval 
anus. This ninth segment also bears a pair of cerci which differ widely 
in the three species. In Melolontha they are small and fleshy, they and 
the whole of this segment being slightly and irregularly rugose. Being 
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connate and starting in a posterior direction, they pass outwards laterally, 
and then at the apex turn towards the posterior again. In Amphimallus 
they are again small and connate, but are horny and sharper than the 
above; also the apices do not turn towards the posterior but continue 
in a lateral direction. The cerci of Serica differ in being widely separated 
at their bases; they are relatively larger than in either of the above 
species, and start in a lateral direction, turning towards the posterior 
at the apex. The cerci of these three species thus form a ready means 
for their identification. 

In size specimens of each of the three species vary little from their 
mean, although that figured for Melolontha is rather below the average. 
Thus the length for this species from the base of the anal cerci to the 
frons is 27 mm., for Amphimallus 21 mm., and for Serica 10 mm. 

Summary 

From the foregoing morphological descriptions of the main genera of 
the British Melolonthinae, it will be seen how much more closely allied 
Amphimallus is to Melolontha than is Serica. In nearly all details where 
the former species differs only slightly from Melolontha, Serica is found 
to differ more widely. This therefore gives support to the practice of 
separating this subfamily into the two tribes of Seridni and Melolonthini. 

Since Scarabaeid larvae other than those of the Melolonthinae are 
also found damaging crops in the British Isles, a table for the rough 
identification of the most common genera is appended. All species of 
the Scarabaeoidea are not however included, and since genera such as 
Geotrupes and Aphodius may be found at the roots of crops, confusion 
may occasionally arise in their identification, although they are not 
known to cause damage to plants. In such cases therefore reference 
should be made to the foregoing descriptions for exact identification. 

1. (2) Body club-shaped at caudal end, antennae long with joints of unequal 

length 3. 

2. ( 1 ) Body thickest at middle, antennae short with joints of equal length 

Getonia. 

3. (4) Spines of radula arranged in two longitudinal rows 5. 

4. (3) Spines of radula arranged in one transverse row Serica. 

6. (6) Longitudinal rows of spines on radula parallel or slightly converging at 

ends 7. 

6. (6) Longitudinal rows of spines on radula diverging especially at caudal end 

ATw p Him«niiM . 

7. (8) Caudal aspect of mandibles with stridulating area made up of small pits ... 

Melolontha. 

8. (7) Caudal aspect of mandibles with stridulating area made up of transverse 

hle-like ridges Phylloperiha. 

0-2 
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THE DISTRIBUTION AND SAMPLING OF INSECT 
POPULATIONS IN THE FIELD WITH SPECIAL 
REFERENCE TO THE AMERICAN BOLLWORM, 
HELIOTHIS 0B80LETA FABR. 

By JOSEPH MARSHALL, M.Sc., A.R.C.S. 

(Insect Pest Control Department, Empire Cotton Orovnng Corporation, 
Barberton, South Africa) 

(With 4 Text-figures) 

A MAIN aspect of insect pest control work at Barberton is based on 
observations of fluctuations in insect population throughout the year. 
Records are taken intensively in selected areas where all the crop and 
weed situations come under review. 

In the case of the boUworm moths the course of their activity is 
ascertained by egg counts on samples of plants and the incidence of larvae 
is studied. The results of previous investigations (Parsons and Ullyett(7)) 
showed that egg-laying cannot be considered to occur generally over 
areas of food plants according to normal expectations. Their results 
indicated that the moth has preferential instincts for the more well- 
grown and succulent portions, especially where heavy fruiting, good 
cover and shade prevail. The intensity of egg-laying, as regarded on a » 
basis of unit areas, has been taken as a criterion of bollworm incidences. 
Hence it has been necessary to adopt suitable methods for the sampling 
and analysis of data. The primary considerations were, what is the] 
nature of the distribution of egg-laying and, secondly, how may it be j 
sampled? 

The present paper reports the results of recent investigations on these 
subjects with regard to the American bollworm, Heliothis ohsoleta. The 
methods and technique described are, however, equally applicable to 
the red bollworm, Diparopsis castanea, and field studies of other insect 
pests. 

Precision data 

In a recent paper Kalamkar(4) demonstrated the utility of the pre- 
cision type of experiment to ascertain the variation normally present in 
a wheat plot. His results showed very clearly the important points to 
be considered when sampling wheat plots and demonstrated an optimum 
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method for such sampling. In the present work the same type of experi- 
ment was designed by the author to find the variation in oviposition 
within a field of drill-planted maize. No attempt is made in the present 
paper to fit various sampling methods as done by Kalamkar, although 
the data could have been used for this purpose. Maize is particularly 
attractive to the American bollworm and oviposition is relatively ex- 
tensive. 

V Material 


Parsons and Ullyett(7) showed that maize becomes attractive to the 
moth when the plants are in tassel. Accordingly a field of maize which 



Fig, 1. Plant position in expeiimental plot. 


was just coming into the attractive stage was selected for the site of the 
experiment and a plot was taken within the field at random. The dimen- 
I sions of the selected plot were 23 by^ 24 yards or approximately one-eighth 
' of an acre. The maize was planted a yard between rows, so the plot 
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contained twenty-three rows 24 yards long. For the purpose of subse- 
quent analysis the position of each plant was measured and a complete 
diagram of the plant population within the plot was secured (Fig. 1). 
The experiment consisted of counting the eggs on every plant on two 
I occasions with an interval of 1 week between the counts. The eggs of 
1 the moth are very minute, but the work was carried out by specially 
trained nativ es under white supervision with constant checking. The^- 
nature of the work makes a smalFerror unavoidable, but this wciuld 
certainly be no more than usually occurs in the course of the ordinary 
routine sampling. An individual count was conducted within the space 
of 1 day, and the eggs counted were crushed so that there could be no 
possibility of the second count being in error through the addition of 
old eggs. The egg counts on both occasions are given in Appendices 
I and II. 

Nature of distribution 

The histograms in Fig. 2 represent the frequency of plants in the 
different egg per plant classes. The distribution for both counts was very 



Pig, 2. Distribution of American bollworm eggs on single plants of maize. 
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similar. The biological aspect of the enquiry, as well as the nature of the 
distribution curves, suggested a Poisson series, but all attempts to fit 
such were unsuccessful. This might have been accounted for by the 
drawn-out tail of the curves where a small number of plants with high 
egg counts were recorded. Also the minuteness of the eggs and theii 
often hidden position on the plant introduced a considerable error into 
the zero and few egg per plant classes. Such error would preclude any 
satisfactory fit. Fits with Poisson series were also tested, using the eggs 
counted on yard lengths of the rows. Previous measurements made it 
possible to allocate the plants to their respective yard lengths. There 
were twenty-three rows each 24 yards long, so that 662-yard length 
figures were obtained. These figures were now on the basis of area, and 
since generally two or more plants were in a yard length the grouping 
would lessen the individual plant error associated with the countings 
The nature of the distribution was the same as in the previous grouping, 
and no fit with a Poisson series was obtained. It is interesting to note 
that when the egg per yard length classes were grouped and these groups 
were taken as degrees of intensity of laying 0 to 7, very close fits with 
a Poisson distribution were realised. 

Correlation of egg counts on the same yard length on two occasions 

It has been noted (Parsons (6)) that the moth shows definite pre- 
ferential tendencies to oviposit on certain portions of the crop. A priori 
it was to be expected that over a short period of time, as between the 
two counts taken in this experiment, that the crop should retain its 
inherent differences in growth and attractiveness. If this were so then 
the two counts on the same yard lengths should be positively correlated . 
A correlation trial was worked out between the first count per yard and 
the second count on the same yard. (All yard lengths having no plants 
in them were removed from the analysis.) A significant correlation 
coefficient was found of -h 0*3348 with 464 degrees of freedom. This was 
highly significant at the 0*01 level, and the validity of the correlation 
was established. A similar correlation on egg coimts per plant on the 
two occasions also showed a positive correlation between the two counts. 
It was therefore definitely established that the same portions of the crop 
tended to retain their relative attraction to the boUworm moth over 
short periods of time. 
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Effect of subdivision of the area on the sampling error 
The area of the plot used for the precision experiment was only about 
one-eighth of an acre and was already smaller than the smallest unit 
taken in the course of routine sampling. To see whether the sampling 
error was materially reduced by subdividing the area of the plot the 
following analysis was compiled : 

Table I 

Analysis of variance of subplots 


Between Within 


Size 

yards 

/ 

D.F. 

A 

Mean square 

r 

D.F. 

Mean square 

1 log, difE. 

23 X 12 (2) 

1 

0-737 

660 

14-814 

-1-600 

111x24 (2) 

1 

166-324 

660 

14-678 

1-179 

Six 24 (4) 

3 

21-874 

648 

14-748 

01969 

111x12 (4) 

61 X 6(8) 

3 

26-937 

648 

14-720 

0-3017 

7 

21-414 

644 

14-701 

0-1880 


Testing the difference of the mean square for the variation within over 
the variation between the subplots showed that the limit for z was never 
reached except in the second entry of the table above. In this case the 
plot had been divided into two. An equal division in the other direction, 
as well as smaller divisions, in no instance gave a significant difference. 
The main evidence was that subdivision of the area would not reduce 
the sampling error. 


Variation between and unthin rows 

Analysis on figures from ^-yard units. All the previous analysis has 
been carried out using the figures from single yard lengths as the basis 
for comparison of data. The distribution of these was definitely skew, 
and the use of Fisher’s z test on such might be subject to serious criticism. 
The distribution of single yard length figures are definitely non-normal, 
therefore the subsequent analysis was carried out on the egg and plant 

Table II 

Analysis of variance of egg totals on 3-yard lengths 



D.F. 

Sum of squares 

Mean square 

ilog. 

First count: 

Between rows 

22 

1811-973 

82-36 

1-0643 

Within rows 

161 

9890-006 

61-42 

0-9076 

Total 

183 

11701-978 

— 


Second count: 

Between rows 

22 

12731-686 

678-73 

0-8778 

Within rows 

161 

36269-876 

226-279 

0-4061 

Total 

183 

49001-660 

— 
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totals on S-yard length units. The distribution of these was found’to be 
approximately normal and could be considered within the limits oi 
skewness to allow the use of the z test. With 3-yard units there were 
twenty-three rows having 8 units each, which gave a total of 184 obser- 
vations (vide Appendices III and IV). Analysis of the variation between 
and within rows is shown in Table II. 

The value of z representing the difference in variation of between rows 
over within rows was 0*16 and 0*47 for the first and second coimts 
respectively^. The 6 per cent, limit for z was 0*21 and the 1 per cent, 
limit 0*31. In the first count the 5 per cent, level was not quite reached, 
although in the second the variation between rows was significantly 
greater than within rows. This result is similar to that obtained by 
Kalamkar(4) for wheat. The main factor that might have brought about 
this difference was stand, and the analysis for stand variation was ob- 
tained (vide Appendix V). 

Table III 


Analysis of variance for 'plants per "d-yard figures 


Between rows 

D.r. 

Sum of squares 

Mean square 

i log- 
0-8118 

22 

111*56 

5*071 

Within rows 

161 

375*76 

2*334 

0*4238 

Total 

183 

487*31 

— 

2=0*3880 


The 1 per cent, limit for z is 0*31, and therefore the variation for plant 
number (for 3-yard length figures) is significantly greater between rows 
than the variation within the rows. This indicated a possible relationship 
between plant number and eggs. Whether the greater variation between 
rows for the egg counts was due to this difference in stand had to be 
examined. The greater difference in stand between rows might be ac- 
counted for by factors associated with the method of drill planting. 

Correlation of plant nurriber and eggs per yard 
Since both the egg counts and the plant numbers on the 3-yard 
lengths disclosed a greater variation between the rows it was expected 
that there would be a strong correlation between the two. The correla- 

^ The distribution of the ^yard length figures, although approximating to the normal, 
still have a decided skewness. The z test as applied to the figures may not have been 
strictly valid, although it has been demonstrated (Eden and Yatesd)) that the test may 
be correctly applied to distributions of a non -normal form of a slight skewness. As a 
check on the figures obtained firom the 3-yard length totals the same, analysis was carried 
out on the square roots of these figures. The distribution of these square root values was 
apparently normal, and the value of * for the greater variation of between rows over 
within rows was 0*17 and 0*46 for the first and second count respectively. This close 
agreement demonstrates the validity of the analysis of the 3 -yard totals. 
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tion coefficient between the eggs counted per yard on the first occasion 
and the number of plants in the same yard was +0*47. For the second 
count this correlation with the plant number was +0'664 with 660 
degrees of freedom. These were highly significant. The regression coeffi- 
cient for the first count was 2*2, indicating an increase of eggs of this 
amount for each additional plant over the mean number per yard. For 
the second count the regression coefficient was 6*1. The relationship 
between plant number and eggs recorded was clearly established. 

Co-variance of plants and egg counts per ^i-yari lengths 
In view of the correlation between these two factors, as well as the 
greater variation observed between than within rows, it was- desired to 
see whether eliminating the effect of the stand would eliminate the latter 
difference. If this difference were accountable for by differences in plant 
number, it should be possible to eliminate the effect of the latter by the 
analysis of co-variance. In the present example, assuming that the 
variations {x) of plant number from their general mean were related to 
the corresponding variations (y) of egg numbers from their mean for the 
same 3-yard length by a linear regression, the coefficient (h) was given 
Cov 

by the ratio — , where Cov^j^ was the co-variance of the plant number 

and egg count, and was the variance of the plant number figures. 
Using this coefficient, the egg-count figures could be adjusted for the 
plant number in the individual 3-yard lengths and comparison of these 
adjusted figures would become comparisons of the quantity (y — bx). 
The preliminary analysis of the figures gave : 

Table IV 

Analysis of sums and products. Deviations for plants (a?) 
and eggs {y) per S-yard lengths 



D.F. 

a:* 


y* 

First count: 

Between rows 

22 

111-66 

349-046 

1811-973 

Within rows 

161 

376-76 

1184-600 

9890-006 

Total 

183 

487-31 

1633-646 

11701-978 

Second count: 

Between rows 

22 

111-66 

701-806 

12731-686 

Within rows 

161 

376-76 

2001-249 

36269-876 

Total 

183 

487-31 

2703-066 

49001-660 


The relationship, expressed by the regression of eggs on plants (that 
is X on y), was determined by the value 1184-500/375-76 for the first 
count and 2001*249/375*76 for the second. These values represented the 
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respective amounts for the two counts that had to be deducted from 
any value y for each plant by which the corresponding x was in excess 
of the mean. 

As stated above, the adjusted egg numbers were represented by the 
quantity {y—hx) and expanding: 

{y - te)* = S (y*) - 26;S {xy) (x*). 

Accordingly the adjusted values for the egg counts were obtained by 
multiplying across in the above table x* by 6*, xy by — 26 and y* by unity 
and summating. 

Table V 


Analysis of adjusted number of eggs per i-yard lengths 


First oount: 

D.P. 

Sum of squares 

Mean square ^ log^ 

Between rows 

22 

719-9487 

32-726 0-6928 

Within rows 

160 

61660308 

38-476 0-6737 




zdiff. 0-0809 

Second count: 




Between rows 

22 

8420-6892 

382-764 0-6712 

Within rows 

160 

25611-1979 

160-070 0-2362 




2diff. 0-4360 


The adjusted figures were obtained by using the coefficient obtained 
from the co-variance and variance within rows. According to Yates (9) 
a correction, which is in the nature of a subtraction, has to be applied 
to the adjusted variance for between rows. In this instance the sub- 
traction was negligible and did not modify the result. Adjusting the 
figures of the egg counts for stand in the first count now gave a higher 
variation within rows than between rows. The previous value for z of 
0*16 was probably due entirely to effect of stand variation. 

In the second coimt the z value of 0‘4360 was still highly significant 
and practically the same as that obtained on the unadjusted egg figures. 
The fact that the greater variation between rows in the first egg counts 
was entirely accounted for by the differences in plant number as well 
as the high correlation between egg and plant number showed clearly 
that plant number had important bearing on egg-laying. Yet in the 
second count the same differences in plant number had little effect in 
diminishing between-row variation. Some other factor must have in- 
fluenced the laying in the second count. The only differences in the 
experimental plot conditions for the second count were first that the 
plants were I week older, and secondly that the egg-laying was double 
the intensity of the first. In the first count the maize was just coming 
into tassel, whereas in the second the plants were in full tassel. In this 
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latter condition secondary effects of stand such as size of plant and 
earlier tasselling (due to lack of competition from adjacent plants in 
portions of low stand) would influence the egg-laying considerably. In 
some cases very early plants would be losing their attraction to the moth. 
However, in both counts it was striking that differences from row to 
row were very considerable, and it follows that in any inethod of sampling 
care should be exercised to provide that as many rows as possible are 
sampled rather than that sampling should be confined to a few rows only. 

DistribiUion of means jof yard lengths 
In the analysis of the sampling data in the next section the mean 
of the eggs laid on a number of random yard lengths are examined 



Eggs per group 

Fig. 3. Histogram. — Total eggs on groups of four random yard lengths. 


statistically. To test the validity of assuming these means to be distri- 
buted normally the number of eggs laid on all the yard lengths in the 
precision experiment were completely randomised and withdrawn 
grouped in fours. The sums of the i-yard lengths obtained in this way 
were distributed as depicted in the histogram (Fig. 3). 

Testing the normality of this data after Fisher ( (2), p. 62) the value 
for the parameters and y^ were 0*393 ± 0-21, and —0*07 ±0*43 respec- 
tively. Thus 71 exceeded its standard error, and since this parameter is 
essentially a test for asymmetry the fact that it was positive suggested, 
but did not prove, that there was a tendency for low egg counts and 
very high egg counts to be more frequent than moderately high or very 
low counts. This value of y^ was very small, and it followed that the 
asymmetry was not at all marked, and therefore the distribution of 
4-yard lengths could be treated as normal data. The other parameter y^, 
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which measured any symmetrical departure from the normal where the 
apex and tail would be developed at the expense of the intermediate 
portions of the curve, was negative and less than its own standard error 
and is therefore insignificant. Earlier data were tested in the same way 
and were found to give complete agreement with the above, namely that 
the sums of 4-yard lengths were distributed according to normal expec- 
tations. It is on these results that the sampling technique, which is 
discussed later, was evolved. 

Sampling consideraiiona 

From the figures given it has been shown that the variation in the 
number of eggs laid per plant was very great. The largest number of 
plants fell in the zero class, while several plants had very large numbers 
of eggs laid on them as compared with the general mean. Consequently 
any method of sampling must make provision for this diversity, for if 
either end of the distribution only were sampled a very incorrect idea 
of the egg-laying would result. Also sampling an egg-laying differs from 
sampling for crop measurements, in so far as the eggs represent insect 
activity which has been shown to be responsive to particular phases of 
plant development with discrimination between small differences in 
health and environment of the food plant. For these reasons any quali- 
tative samples selected from the crop might represent very inadequately 
the activity of the moth over the whole field. At the same time if a field 
has sections which are obviously far in advance of the rest then it is 
much better that the field be divided into smaller subsections each of 
which is sampled independently, and the infestation over the whole field 
be obtained from compiling the several data so secured. Having decided 
what the area to be sampled separately should be, then a completely 
random set of samples must be scattered within it. From these it is 
necessary to obtain some estimate of the error of sampling. It has been 
shown that if the total of four separate yard lengths were taken these 
could be considered as having a normal distribution, and so the standard 
error from such totals could be correctly estimated according to accepted 
methods applicable to such data. 

Sampling data 

From the results of the preceding section the authenticity of con- 
sidering the totals of four or more yards counts as having a normal 
distribution has been established. All the sampling analysis to be 
described was based on this finding. Similarly the sampling units them- 
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selves were always taken on an area basis, so that the figures obtained 
could be expressed in terms of eggs per acre, thus providing a picture 
of the intensity of infestation. 

It has been mentioned that the system of survey of the American 
bollworm activity is carried out on selected areas wherein all the crops 
are sampled. Owing to the wide expanse of the crops it was desired to 
find a sampling method which gave the required standard of efficiency 
and at the same time necessitated taking only a small percentage sample 
of the whole. A method was adopted at Barberton based on that devised 
by the Statistical Department of the Rothamsted Experimental Station 
for obtaining estimates of the yields of fields of commercial wheat. 
Several alterations were, however, introduced in order to comply with 
the requirements of the problem in hand. 

Technique 

The sampling procedure adopted provided for four series of sampling 
units, and it was from the sums of the pairs of related series that the 
error was estimated. A restriction was imposed on the method. In the 
first place the samples in each series were made to fall at intervals of 
one-fifth of the length of the field so that one sample in each of the four 
series fell in one-fifth. Thus four samples were taken from each fifth of 
the field. Secondly, in order to get lateral scatter of the samples a number 
of rows were stepped over between each sampling point. This is an im- 
portant consideration. The precision experiment has shown that the 
variation between rows is greater than within rows. Also since the moth 
has preferential instincts to lay on certain portions, then restrictions 
which make for a scatter over the field must tend to counteract any 
chance of obtaining a biased group of samples. 

Each series of sampling units had either four or five units in it, the 
size of these varying according to the size of the field sampled. The unit 
sample is based on a yard length on a single row where the between-row 
spacing is 1 yard; this gives a sample of 1 square yard. Where more than 
1 square yard sample is necessary then 1-yard lengths in contiguous 
rows are taken. 

A sample lay-out is given in Fig. 4, which represents a field of cotton 
planted a yard by a yard. The size was about 200 by 100 yards. Using 
AB as the starting line, two series of sampling units was marked out 
walking towards CD, and the other two series on walking from CD back 
to AB, In sampling the field a starting point was found on AB by 
obtaining a random number from Tippett’s Tables (8) which was no 



144 Distribution and Sampling of Insect Populations 

greater than the length AB. This located the starting row to be 27 yards 
along AB. The length of the field was estimated to the nearest 60 yards, 
and the number (200 yards) was divided by five, giving 40. The dotted 
lines in the figure represent the division of the field into five parts. To 
ascertain the position of the first units of the first two series of sampling 



Fig. 4. Sampling method. 


units two random numbers, no greater than ,40, were obtained. These 
were 10 and 26. The first unit sample of series A was therefore 10 yards 
up the starting row, and consisted in this instance of a 2 square yard 
sample represented by the plants in a yard length in two contiguous 
rows. The first sample of series B was then located by stepping over 
ten rows to the left and walking up the row until 26 yards from the 
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base line AB. In effect this was 15 yards up the field from the first 
sampling part of series A. (The moving over of ten rows to the left was 
purely an arbitrary length adopted to afford a better scatter of the 
samples.) The second sampling point in series A was then found by 
again moving over ten rows to the left and walking towards CD until 
40 yards from the first sample of the same series (that is 25 yards from 
the first sample point of series B). The second sample in series B was 
found by moving over ten rows to the left and walking towards CD for 
15 yards (that is, 40 yards from the previous sample of the sample 
series). In all, five samples were marked out in each series, and since 
each sample within a series was 40 yards removed from the other this 
resulted in one sample of each series falling within the five subdivisions 
of the field. If, as in this example, the course of sampling brings one to 
the edge of the field, then instead of moving 10 yards to the left between 
each sampling point the same amount was in future stepped to the right. 

For the other two series, C and D, the above procedure was repeated 
starting from CD. A new random starting row along CD and two new 
random numbers up to 40 were obtained. The starting row was 66 yards 
from D and the two numbers were 35 and 40. 

The sampling method has the defect that all parts of the field have 
not the same probability of being sampled. Indeed there are certain 
parts of the field which cannot be sampled at all by series A and B, and 
other corresponding parts which cannot be sampled by series C and D. 
The defect could be avoided in rectangular fields by starting again at 
the opposite side of the field when the edge is reached, and always pro- 
ceeding diagonally in the same direction across the field. Inasmuch as 
in insect survey work fields of irregular shape have to be sampled, 
however, the adoption of a procedure which is theoretically perfect for 
rectangular fields is not of great importance. 

It may be also noted that series A and series B come from two sets 
of rows which are equally spaced. It might have been argued that two 
random numbers adding up to 20, e.g. 7 and 13, to give the alternate 
number of rows stepped over should have been taken. This was not 
adopted, since it would have complicated the locating of sample plants 
by native recorders in crops where markers are obscured. 

The four series gave 20 units, and these being each 2 square yards 
gave a potential sample of forty plants if the stand were perfect. The 
area sampled was about 4 acres, thus the sample was about 0*2 per cent, 
of the field. It will be noted that there were 20 unit samples, each sample 
had single plants in two contiguous rows, thus, in all, forty rows were 

Ann. BioL xxm 10 
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sampled. This is in agreement with the findings of the precision experi- 
ment. 

The four series cannot be regarded as independent. Series A and B 
are related and so are C and D. The true sampling error is computed 
from the difference of the mean of A and B from the mean of C and D. 
In the subsequent analysis the figures presented are the totals of the 
series A and B, and C and D respectively. 

Analysis of results 

The land at the Cotton Station, Barberton, has been divided into 
plots of 2*2 acres, which in some instances have been subdivided by a 
path into two subplots of M acres each. In these subplots a sample of 
four series was taken, each having within it only four units of 1 square 
yard. 

(a) Maize, Cotton Experiment Station, Barberton, 

The figures in Table VI represent the number of American bollworm 
eggs counted on eight plots on six occasions. Each plot has the total 
number of eggs recorded on the two sets of series. The period of the 
records given covers the principal oviposition during tasselation. The 
intensity of the egg-laying was moderate. 


Table VI 
Plots 

Plots 

A 


Occa- 

sions 


2 

3 

4 

-A 

5 

6 

7 

8 


1 

1 

0 

10 

11 

24 

21 

11 

6 



3 

2 

12 

4 

14 

17 

6 

6 

146 

2 

16 

0 

36 

35 

62 

66 

31 

7 



18 

1 

54 

23 

72 

74 

10 

18 

611 

3 

21 

12 

102 

60 

47 

71 

32 

23 



21 

13 

37 

36 

73 

46 

26 

42 

662 

4 

8 

7 

32 

36 

49 

43 

12 

10 



12 

6 

21 

6 

41 

30 

18 

16 

344 

5 

20 

67 

12 

8 

2 

2 

14 

16 



66 

22 

18 

8 

12 

17 

17 

18 

298 

6 

6 

6 

4 

4 

2 

1 

14 

24 



12 

0 

6 

4 

2 

4 

17 

4 

117 


193 

133 

343 

224 

400 

381 

207 187 

Grand total 

2068 


The efficiency of sampling can be best estimated by a comparison 
of the within-plot variance due to sampling with the variance between 
plots. The egg-laying figures were counts taken on the same sample 
plants on all occasions, and therefore the figures for successive occasions 
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are not really independent. Consequently, when comparing plots over 
all occasions the errors must be computed from the totals of all occasions, 
while the errors for comparing variation of plots from occasion to occasion 
must be obtained by using the sampling and error variance between 
occasions. Working in terms of a single occasion and a single sampling 
unit (a single line) the analysis gives: 

Table VII 


Analysis of va/riance, maize plots 

(In units of number of eggs per line per occasion : mean number =21-54) 



D.F. 

Sum of 
squares 

Mean 

square 

Mean square 
if whole field 
had been 
sampled 

Total of all occasions: 

Between plots 

Within plots between lines 
Within lines between series 

7 

6930-3 

847-19 

731-60 

8 

926-6 

115-69 

— 

16 

1260-0 

78-13 

— 

Differences between occasions: 

Between occasions 

5 

13474-9 

2694-98 

2561-47 

Plots X occasions 

35 

14209-6 

405-99 

272-48 

Lines x occasions 

40 

5340-5 

133-61 

— 

Within lines between series 

80 

3614-0 

45-18 

— 


Percentage sampling standard errors : 

For totals of all occasions (per plot) = 14-5% 

For differences between occasions (per plot per occasion) = 38-1 % 


The adequacy of the sampling is shown by the last column, which 
gives the differences between the mean squares between plots, etc., and 
the corresponding sampling mean squares. These differences are estimates 
of what the mean squares would have been had the whole of each plot 
been sampled. (The correction for the fact that the number of sampling 
units in a plot is finite is here negligible since only 0*2 per cent, of the 
field was sampled.) 

The mean square between plots on all occasions is reduced from 
847*19 to 731-50, only a small reduction. Little, therefore, would be 
gained by increasing the number of lines sampled (with the same number 
of units per line): doubling the number of lines for instance, would 
reduce the variance by \ (115-69) to 789-35. The increase in accuracy 
by taking double the number of series per line (with the same number 
of lines) is obtained from the mean square within lines between series 
the variance being reduced by ^ (78-13) to 808-13. In the case of plots x 
occasions the reductions, though proportionately larger, are also small. 
We may, therefore, conclude that the sampling is adequate even for the 
purpose of comparing plots of the same area. For the purposes of Insect 
Pest Control Survey, where variation between different fields affects the 

10-2 
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results, it may be expected to be even more adequate. In fact some 
reduction of the percentage of sampling might be advantageous. On 
farms where the averages are large a smaller percentage sample is taken. 

(6) Cotton, Cotton Experiment Station. 

The same sampling procedure was used but only a very light infestation 
was experienced, since the maize “took*’ the main laying at the beginning 
of the season. There were never more than two eggs recorded on one 
plant and the majority gave zero counts. The mean over all occasions 
was 0-22 egg per plant. On such a light laying k small sample must 
necessarily have a high error, especially where single eggs occur only on 
one in four plants. Additionally the errors due to observation on such 
a light egg-laying assume large proportions and it would be unreasonable 
to expect a high efficiency under the circumstances. The analysis of 
variance, in units of a single occasion and a single sampling unit (a line), 
was as follows : 

Table VIII 


Analysis of variance, cotton plots 

(Eleven plots, eleven occasions : in units of mean number of 
eggs per line per occasion : mean number = r764). 



D.F. 

Sum of 
squares 

Mean 

square 

Mean square 
if whole field 
had been 
sampled 

Total of all occasions: 

Between plots 

10 

211-35 

21-136 

13-887 

Within plots between lines 
Within fines between series 

11 

79-73 

7-248 

— 

22 

120-64 

6-484 

— 

Differences between occasions ; 

Between occasions 

10 

442-16 

44-216 

37-710 

Plots X occasions 

100 

650-67 

6-606 

2-908 

Lines x occasions 

110 

396-77 

3-698 

— 

Within lines between series 

220 

706-36 

3-211 

— 


Percentage sampling standard errors : 

For totals of aU occasions (per plot) = 32*5% 

For differences between occasions (per plot per occasion) = 76-1 % 


Such low infestations are not required to be known very accurately, 
and it would appear that here also the sampling is quite adequate. 

For maize the period of observation of egg-laying is short and the 
sampling plants are never changed. With cotton the sample plants are 
changed occasionally to avoid the effects of continuous handling. This 
effect on the growth rate of cotton has been observed at this station 
(Heath (8)). In the case of cotton the sample plants were not changed 
during the six occasions quoted, as this represented a period of 3 weeks 
only. 
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Summary 

1. The problem associated with estimation of insect activity is 
discussed, 

2. A precision experiment, undertaken to investigate the nature of 
the egg-laying of the American bollworm, is described. The nature of 
the distribution is investigated. 

3. Correlation trials between the two counts show that the same 
portions of the crop retain their relative attraction to the bollworm moth 
over short periods. 

4. The effect of subdivision of the area on the sampling error is 
analysed. 

5. Both egg as well as plant number figures per 3-yard length show 
a greater variation between than within rows. 

6. Correlation and regression coefi&cients prove a very close relation- 
ship between plant number and eggs laid. 

7. Eliminating the effect of plant number eliminates this greater 
variation for the first egg-count figures. In the second count the variation 
between rows is still significantly greater. The reason for this is discussed. 

8. Considerations affecting the sampling technique developed from 
the precision data are discussed. 

9. The sampling method is explained and two examples are given. 
From the analysis of these the system is shown to sample adequately 
the fields and fulfills the requirements of the survey. 
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APPENDIX lU 


Row No. 


Eggs per Z-yard lengths : first count 


Total 

1 

11 

6 

9 

4 

19 

10 

14 

15 

88 

2 

13 

6 

10 

6 

10 

13 

12 

17 

87 

a 

2 

8 

6 

4 

14 

42 

17 

16 

108 

4 

7 

9 

3 

4 

6 

10 

11 

8 

57 

5 

10 

0 

4 

9 

2 

6 

7 

9 

47 

6 

1 

9 

34 

39 

6 

4 

9 

23 

124 

7 

13 

2 

7 

2 

7 

2 

4 

7 

44 

8 

19 

6 

2 

14 

3 

3 

4 

6 

57 

0 

7 

6 

6 

6 


9 

0 

14 

48 

10 

13 

6 

9 

11 

5 

4 

26 

12 

85 

11 

3 

27 

4 

20 

13 

17 

8 

16 

108 

12 

13 

16 

10 

9 

1 

7 

11 

5 

72 

13 

12 

22 

6 

7 

10 

12 

13 

11 

92 

14 

20 

6 

4 

6 

0 

8 

5 

22 

71 

16 

31 

12 

28 

4 

7 

8 

19 

11 

120 

16 

22 

14 

8 

14 

14 

10 

5 

9 

96 

17 

2 

10 

7 

10 

11 

5 

8 

11 

64 

18 

7 

7 

2 

11 

0 

2 

5 

12 

46 

19 

7 

12 

0 

26 

7 

11 

6 

24 

93 

20 

4 

8 

8 

11 

11 

12 

0 

43 

97 

21 

10 

19 

19 

3 

9 

34 

4 

10 

108 

22 

3 

18 

13 

15 

11 

17 

15 

14 

106 

23 

Row No. 

8 

11 38 20 4 

APPENDIX 

Eggs per Z-yard lefigths 

7 4 

IV 

; second count 

24 

116 

1934 

Total 

1 

17 

17 

29 

33 

36 

42 

42 

36 

252 

2 

31 

36 

30 

33 

45 

37 

()(> 

42 

314 

3 

34 

36 

25 

14 

14 

92 

68 

54 

337 

4 

41 

14 

29 

29 

42 

17 

12 

29 

213 

5 

16 

0 

16 

16 

14 

13 

31 

55 

161 

6 

16 

32 

83 

27 

15 

49 

71 

51 

344 

7 

37 

17 

66 

8 

18 

5 

12 

27 

190 

8 

67 

29 

7 

60 

25 

6 

18 

24 

226 

9 

23 

28 

8 

17 

8 

7 

2 

26 

119 

10 

23 

31 

13 

37 

16 

6 

42 

36 

204 

11 

18 

70 

9 

46 

18 

13 

14 

24 

212 

12 

40 

37 

17 

49 

9 

4 

22 

35 

213 

13 

12 

48 

7 

11 

13 

13 

27 

12 

143 

14 

21 

18 

0 

10 

0 

36 

4 

29 

118 

15 

35 

7 

32 

14 

12 

12 

25 

21 

158 

16 

24 

32 

22 

24 

16 

26 

10 

7 

161 

17 

8 

33 

14 

24 

8 

16 

36 

27 

166 

18 

32 

10 

24 

33 

9 

24 

15 

23 

170 

19 

10 

17 

6 

26 

10 

8 

17 

25 

119 

20 

6 

13 

13 

22 

22 

15 

0 

39 

130 

21 

14 

23 

16 

4 

20 

12 

4 

27 

120 

22 

19 

34 

37 

12 

12 

30 

14 

11 

169 

23 

36 

39 

68 

32 

5 

36 

10 

45 

260 

4499 
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Row No. 

1 5 

2 7 

3 1 

4 5 

5 4 

6 4 

7 6 

8 7 

9 6 

10 6 

11 6 

12 7 

13 3 

14 6 

16 6 

16 6 

17 3 

18 5 

19 4 

20 1 

21 6 

22 3 

23 8 


4 

4 

6 

4 

1 

4 

3 

3 

4 
4 
6 

3 
7 
6 

4 
6 
4 
4 
6 
6 
6 
6 
6 


APPENDIX V 
Plants 'per Z-yard length 


6 3 6 6 

5 6 4 7 

4 4 6 5 

2 3 3 6 

3 4 12 

15 6 1 

3 4 2 2 

4 6 2 1 

2 3 2 3 

3 4 3 2 

4 6 6 6 

2 6 2 3 

4 2 3 7 

2 2 0 6 

6 2 2 4 

5 4 4 4 

6 3 6 3 

16 2 2 

4 6 7 4 

3 4 6 6 

6 13 6 

6 6 4 4 

7 5 3 6 


7 

6 

6 

6 

4 

6 

2 

2 

1 

7 

3 

4 
4 
2 
6 

4 

5 
2 
4 
0 
3 
2 
3 


6 

6 

6 

4 

6 

7 

2 

6 

4 

5 
4 

6 
6 
6 
6 
6 
6 

3 
6 
7 

4 
3 
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TRIALS OP MERCURIC CHLORIDE FOR THE 
PREVENTION OF POTATO SICKNESS 

By L. R. JOHNSON, M.Sc. 

{Department of Agriculture, The University, Leeds) 

(With Plates V and VI) 

The use of mercuric chloride as a soil dressing to prevent the attacks of 
certain insects and fungi is well known. Robson (3) found that heavy 
application of this salt to soil infested by Heterodera marioni successfully 
prevented infestation on tomatoes under glasshouse conditions. 

The present writer observed that cysts of the potato strain of 
H. schachtii which had been immersed in weak solutions of mercuric 
chloride followed by washing in water lost their power of hatching in 
water containing potato-root excretions. For example, immersion of 
cysts in a 0*1 per cent, solution of mercuric chloride for 2 min. followed 
by washing in water for 3-5 min. had the effect of preventing hatching, 
whereas untreated cysts from the same soil hatched freely in water 
supplied with potato-root excretions. It was thought, therefore, of 
interest to investigate the effect of mercuric chloride applied to potato- 
sick soil. The following account summarises the results of this work 
carried out over a period of 4 years. 

Experimental 

Preliminary experiments were carried out in 1931 in a garden laid 
out for small-scale trials. The soil is a very light sand heavily infested 
by cysts of the eelworm. The garden was divided up into a number of 
plots separated by paths. Each plot was large enough to carry five potato 
plants and was bounded by boards, sunk to a depth of 9 in. in the soil, 
so that in effect each plot was a box full of infected soil. Nine plots 
were reserved for treatment, and three were available as controls. The 
mercuric chloride was used in the form of a solution, at three strengths, 
viz. 1 in 1000, 1 in 500, and 1 in 250. 

The solutions were watered on at the rate of 1 gallon per square yard 
3 weeks before planting. Immediately prior to planting, each plot re- 
ceived the equivalent of 8 cwt. per acre of a mixture of 2 parts of sulphate 
of ammonia, 4 parts of superphosphate, and 2 parts of sulphate of potash. 
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On the untreated plots the plants passed through the well-known 
stages of potato sickness and finally died away prematurely. The effect 
of the mercuric chloride as measured by the appearance of the plants 
was proportionate to the strength of the solution used. On the plots 
treated with the weakest solution (1 in 1000) the plants showed slightly 
healthier growth than those on the control plots. The 1 in 600 solution 
produced uniformly better plants, the symptoms of sickness being less 
marked and the period of growth being definitely longer. The effect of 
the strongest solution (1 in 260) was very striking, for the plants were 
the largest and most vigorous which had been grown at this centre since 
its institution in 1929. The yields shown in Table I supported the 
inferences drawn from observations. 

Table I 


Plot No. 

Treatment 

Yield in gm, 

7 

Mercuric chloride solution 

1562 

8 

(1 in 260) 

1500 

9 


2053 

4 

Mercuric chloride solution 

443 

6 

(1 in 500) 

612 

6 


476 

1 

Mercuric chloride solution 

292 

2 

(1 in 1000) 

519 

3 


4.54 

15 

Nil 

331 

16 


462 

17 


239 


The table indicates that the treatment with the strongest solution 
caused a marked increase in yield as compared with that from the un- 
treated plots. This increased yield is very considerable in view of the 
fact that the soil was almost entirely pure sand which had received no 
organic manure and had grown potatoes every year for 4 years. 

It was observed at lifting time that the tubers from the treated plots 
were very clean and white, there being only the slightest signs of common 
scab and no sclerotia of Cortidum {Rhizoctonia) solani. The untreated 
plots yielded tubers which were disfigured by scab and by large numbers 
of sclerotia of Cortidum, Plate V, fig. 1, gives an idea of the size of the 
tubers obtained from a typical control plot and from a plot treated with 
the strongest dressing of mercuric chloride. 

The effect of mercuric chloride applied in the spring 

Trials were carried out near Selby in 1932 and repeated in 1933 to 
test the effect of an application of mercuric chloride a few weeks before 
planting. The site of the experiments was a field used for the large-scale 
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experiments described by Buckhurst and Fryer (2). A single series of 
plots each 6 by 6 yards was laid down. The details of the treatments of 
the plots are given in Table II. In 1932 the chemical was applied in 
the powdered form 3 weeks before planting. In 1933 it was mixed with an 
equal weight of fine dry soil and applied 3 weeks before planting. In each 
case after even distribution the dressing was lightly raked into the surface. 

At planting time the plots received a dressing of farmyard manure 
at the rate of about 16 tons per acre, and in 1932 the following mixture 
of fertilisers per acre : 2 cwt. sulphate of ammonia, 3 cwt. potash salts 
(30 per cent.), 4 cwt. superphosphate, ^ cwt. steamed bone flour. 

In 1933 the plots received the mixture of fertilisers used in the experi- 
ments described on p. 168. 

Planting took place on April 16 in 1932 and on May 4 in 1933, and 
each plot carried two rows each of the three varieties Great Scot, Majestic 
and Eclipse. The crop was lifted when ready by hand. 

Effect on plant growth 

Observations made in the growing period during both seasons showed 
that the mercuric chloride had a serious depressing effect upon the early 
growth of the plants. Thus towards the end of June the treated plots 
presented a very disappointing appearance, the growth of the crop being 
uneven, many plants scarcely appearing above the ground and the foliage 
possessed a very dark green colour. This effect was less marked on 
the variety Great Scot. The untreated plots carried surprisingly well- 
developed plants. At this stage it seemed that this adverse effect due 
to mercuric chloride might be sufficient in itself to cause crop failure. 

A month later the toxic influence of the chemical was still very 
evident and was more marked in the plots which had received the higher 
dressing. It was observed, however, that the variety Great Scot and to 
a less extent Majestic were beginning to grow out of the initial set-back. 
The variety Eclipse still lagged behind in growth, and in fact some plants 
had failed to grow at all. 

During subsequent inspections the greater susceptibility of Eclipse 
to the effects of mercuric chloride in growth was all the more marked, 
for it was seen that the variety Great Scot and in 1932 the variety 
Majestic had made a comparatively good recovery and were making 
good growth in the tops. In the rows of Eclipse the uneven character 
of development persisted to the end of the growing season. That the 
phenomenon was in no way due to the “seed ” was shown by the uniform 
germination and growth in the untreated plots. 
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By mid- June the control plots were showing the typical symptoms 
of potato sickness, and as the season advanced the plants gradually died 
off, leaving the treated plots still carrying vigorous plants. A striking 
result of the mercuric chloride treatments was the prevention of growth 
of weeds. 


Effect of mercuric chloride on cyst infestation 

During both years specimen plants were lifted at intervals and the 
roots examined and an estimation of cyst infestation recorded. By mid- 
July aU plants from imtreated plots showed considerable numbers of 
cysts on the roots, whereas plants from treated plots were free from 
infection. During later inspections the control plots showed ever-in- 
creasing cyst numbers, but the degree of infestation always remained 
slight on treated plots. At lifting time the number of cysts produced on 
the control plots was very great, the tubers themselves being literally 
covered with cysts. Plants from the treated plots again showed only 
slight infestation of the roots, and the tubers were quite free from cysts. 
It seemed from these observations that the chemical treatment had 
largely prevented eelworm infestation. The absence of the summer stage 
of the fungus Cortidum {Rhizoctonia) solani also was a feature on treated 
plots. 

The results of cyst counts made on soil samples are given in Table II. 
Representative samples were obtained from the plots before planting 
and shortly after lifting by means of an auger, five borings from each 
plot being taken. The samples were dried and passed through a 2-mm. 
sieve, and the number of cysts in eight 20 gm. samples from each bulk 
sample was counted. 

Table II 

Cysts in 20 gm. of dried soil 


1932 1933 

- > > A 


Plot 


Before 

After 

Before 

After 

No. 

Treatment 

cropping 

cropping 

cropping 

cropping 

2 

Nil 

66-876 

96-876 

61-75 

111-50 

7 


70-76 

114-76 

67-376 

118-75 

12 


84-76 

80-75 

63-125 

83-375 

16 


63-00 

73-60 

62-875 

77-65 

1 

Mercuric chloride 

80-126 

91-26 

92-60 

93-126 

8 

0*64 oz. per sq. yd. 

77-00 

82-75 

71-26 

62-875 

13 


72-876 

84-626 

70-876 

75-00 

4 

Mercuric chloride 

73-76 

73-26 

77-876 

74-626 

10 

0*80 oz. per aq. yd. 

84-76 

77-626 

71-376 

69-60 

15 

72-376 

78-26 

42-60 

63-76 
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It should be remembered when considering these figures that in 
control plots large numbers of cysts were removed in lifting the tubers, 
the majority of which were heavily infested with cysts. It will be noticed 
that on all treated plots the cyst numbers show little variation over the 
whole experimental period. On the control plots, however, the soil 
sample taken immediately after lifting showed a very considerable in- 
crease in cyst content. The table indicates that this increase disappears 
during the winter, doubtless as a result of the disintegration of com- 
pletely empty cysts. The stationary character of the cyst content on 
treated plots is quite compatible with the observed facts that there was 
only slight infestation of the plants on these plots, and therefore little 
complete emptying of the original cyst population, with the result that 
very few cysts would suffer disintegration. 

Effect on yield 

In 1932 the varieties Eclipse and Majestic were lifted on September 12 
and Great Scot a week later. In 1933 the crop was lifted during the last 
week in August. 

The yields are included in Table III. 

Table III 

Yield in lb. 


-As. 





1932 



1933 


Plot 

No. 

Treatment 

Eclipse Majestic 

> 

Great 

Scot 

( 

Eclipse Majestic 

Great 

Scot 

2 

Nil 

26 

16 

28 

20 

154 

224 

7 


234 

14i 

22 

16 

12 

234 

12 


26 

17i 

32} 

21 

17 

284 

16 


37 

204 

32 

18 

9 

26 

1 

Mercuric chloride 

344 

32 

334 

24 

20 

294 

8 

0-64 oz. per sq. yd. 

294 

27J 

41 

24 

18 J 

31 

13 


20 

254 

374 

19 

20 

41 

4 

Mercuric chloride 

13 

21 

344 

19 

12 

28 

10 

0'80 oz. per sq. yd. 

204 

354 

364 

244 

16 

43 

15 

24 

304 

43 

13 

204 

374 


The yields support the inferences drawn from the observations re- 
corded during the growing period, viz. that in spite of the toxic effect 
of mercuric chloride the variety Great Scot and to a lesser extent Majestic 
were stimulated by the dressing, and this was associated with a marked 
reduction in eelworm infestation and the accompanying signs of potato 
sickness. The variety Eclipse, on the other hand, although freed from 
eelworm infestation, lacked the power to recover from the effects of 
mercuric chloride and the yield suffered. It should be pointed out that 
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the effect of mercuric chloride in general was to cause the production 
of large clean tubers, unaffected by common scab and the winter stage 
of Cortidum (Rhizoctonia) solani. On all control plots the tubers were 
very considerably smaller. 

The effect of mercuric chloride applied at different times 

BEFORE PLANTING 

A new series of plots, of the same size as the 1932 series, was laid 
down alongside the 1932 series. Mercuric chloride was applied at three 
different periods of the year, the details being given in Table IV. In 
this case the mercuric chloride was mixed thoroughly with an equal 
weight of dry soil to facilitate even distribution, and was lightly raked 
into the surface. 

The same three varieties were planted on May 4, 1933, when the 
plots received farmyard manure at the rate of about 15 tons per acre 
and the following mixture of fertilisers at the rate of 6 cwt. per acre : 
4 parts of sulphate of ammonia, 3 parts of steamed bone flour, 3 parts 
of potash salts (30 per cent.). 

Field inspections were made at about monthly intervals in both 
series of plots. Control plots and the plots treated with mercuric chloride 
in April showed precisely the same features as were recorded in the 1932 
and 1933 trials previously described, viz. the control plots showed the 
usual symptoms of severe potato sickness accompanied by heavy root 
infestation by the eelworm, whereas the plants on the plots treated in 
spring were only slightly infested but suffered severely in the early stages 
of growth from the effect of the chemical. 

On June 13, for example, the control plots carried plants 6-8 in. 
high, whereas the plants on the plots dressed in spring were only just 
peeping through the surface of the soil. Again it was noted that Great 
Scot showed a greater capacity for growing out of this set-back. 

The effect upon growth, of dressing the soil in mid-December and 
the end of January was very striking. There was no set-back upon 
germination, so that on June 13 these plants presented a very pleasing 
appearance, the plants having germinated evenly and normally. After 
this date these plants quickly progressed and stood out the best in the 
whole area. The growth in the plots treated on December 13, 1932, was 
the same as the plots treated on January 31, 1933. These plants remained 
vigorous throughout the growing season, and the amount of tubers pro- 
duced far surpassed anything that had been experienced on this fleld 
since it had been used as an experimental centre in 1929. 
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Examinations made for degree of eelworm infestation of the roots 
again showed heavy infestation on control plots both in roots and tubers, 
and only slight infestation in the plots dressed in spring. In the plots 
dressed in mid-December and late January the degree of infestation was 
decidedly higher than that of the spring-dressed plots but lower than 
that of the controls. 

At lifting time it was noticed that the treatment of the soil in the 
December and January before planting had not prevented cyst infesta- 
tion, apparently, to the same degree as the spring dressing, for cysts 
were found on the roots and sometimes on the tubers from the winter- 
dressed plots. On spring-dressed plots the comparatively slight infesta- 
tion was again noticed. On the control plots the tubers were again 
liberally infested, and the root system was badly rotted and carried cysts 
in large numbers. The difference in the size of tubers from control and 
treated plots was again very pronounced. On control plots there was 
a preponderance of small tubers, on spring-dressed plots the tubers were 
fewer in number but of very good ware size, and on plots treated in 
December and January the tubers were more numerous and practically 
all of good size. Plate V, fig. 2 and Plate VI, figs. 1, 2, show produce 
of the three varieties from control plots and from plots treated with 
mercuric chloride at the three periods of the year. In the case of Great 
Scot and Majestic the very small tubers are placed in a pile in front of 
the heap of ware and seed. 

The yields are given in Table IV. 

Table IV 


Yield in lb. 


Plot 

No. 

Treatment 

f 

Eclipse 

A 

Majestic 

Great Scot 

2 

Nil 

20 

22 

30 

7 


18 

21 

25 

12 


23 

24 

36 

16 


19 

22 

36J 

3 

Mercuric chloride 

19 

14i 

37i 

8 

0-80 oz. per sq. yd. 

18 

174 

25i 

13 

April 1, 1933 

15i 

2l| 

36i 

6 

Mercuric chloride 

29i 

30 

44 

10 

0*80 oz. per sq. yd. 

32 

44 

53 

15 

December 13, 1932 

32 

34 

43 

4 

Mercuric chloride 

29 

38 

40i 

9 

0-80 oz. per sq. yd. 

Ui 

294 

47 

14 

January 31, 1933 

35i 

43 

Ui 


The number of cysts in representative samples taken before and after 
cropping are given in Table V. The column of figures representing the 
number of cysts in the soil after cropping refer to samples taken imme- 
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diately after cropping. Samples were not, unfortunately, taken in the 
following spring, so that the effect of the winter on the number of cysts 
cannot be determined. 

Table V 

No. of cysts in 20 gm. soil 


Plot No. 

Treatment 

Before cropping 

After cropping 

2 

Nil 

60*00 

81 *26 

7 


79*26 

149*76 

12 


61*126 

70*626 

16 


62*25 

104*60 

5 

Mercuric chloride 

77*76 

86*26 

10 

0-80 oz. per sq. yd. 

80*376 

97*376 

16 

December 13, 1932 

66*76 

79*26 

4 

Mercuric chloride 

76*60 

87*626 

9 

0*80 oz. per sq. yd. 

89*00 

100*876 

14 

January 31. 1933 

79*876 

75*60 

3 

Mercuric chloride 

77*876 

61*875 

8 

0*80 oz. per sq. yd. 

78*76 

111*626 

13 

April 1, 1933 

71*625 

64*875 


The decided rise in the number of cysts on untreated plots as a result 
of cropping is again well marked, whereas the number of cysts in samples 
from treated plots suffers on the whole little change. Again, it should 
be pointed out that the tubers on the control plots carried large numbers 
of cysts which were removed at lifting time. 

Effect of mercuric chloride on the cysts in the soil 

Observations in the field showed that treatment of the soil prior to 
planting decreased infestation by eelworm as judged by naked-eye 
examination of plants lifted at intervals during the growing season. This 
preventive effect was more marked the nearer the chemical was applied 
to time of planting. 

An attempt was made to determine whether or not mercuric chloride 
had the power of killing the larvae enclosed in the eggs within the cysts. 

Cysts were obtained during August 1932 from soil taken from plots 
5, 10 and 15 immediately prior to treatment with mercuric chloride in 
December 1932. Similarly from the same plots cysts were obtained at 

Table VI 

Before treatment After treatment 


Plot No. 

Cysts used 

Cysts hatched 

Cysts used 

Cysts hatched 

5 

46 

27 

46 

16 

10 

37 

26 

37 

26 

16 

29 

21 

29 

24 

Total 

111 

. 73 

111 

66 
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the same time from soil taken in April 1933, i.e. just before planting. 
The cysts were placed singly in glass capsules of water containing potato- 
root excretions, and the number of cysts from which living larvae were 
hatched were recorded. 

The results are shown in Table VI. 

It will be seen that mercuric chloride does not kill larval worms 
within the eggs. The beneficial effect of mercuric chloride cannot be 
ascribed, therefore, to its direct effect upon the cysts. It may act by 
deterring the larvae from hatching or by killing the larvae after hatching. 
In support of the suggestion that there was comparatively little actual 
hatching of the cysts in treated plots there is the fact that the cyst 
numbers remained stationary even immediately after cropping. On the 
control plots there was immediately after cropping a very definite in- 
crease in cyst numbers which disappeared during the ensuing winter as 
a result, it is suggested, of disintegration of empty cysts. If, as Buckhurst 
and Fryer suggest, there is in the production of potato sickness, in 
addition to the potato eel worm, another factor which is incapacitated 
by partial sterilisation, then the beneficial effect of mercuric chloride 
may be due to its capacity to neutralise this factor. The fact, however, 
remains that in the experiments described the prevention of potato 
sickness was accompanied by a marked reduction in eelworm infestation. 
It is also worthy of note that the reduction in eelworm infestation oc- 
curred in spite of a very severe check to early growth in the case of plots 
treated a few weeks before planting. 

Buckhurst and Fryer suggest that a factor exists in potato-sick soils 
which by inhibiting vigorous early root growth renders the plants sus- 
ceptible to serious eelworm attack. In the experiments described, spring 
applications of mercuric chloride most certainly inhibited early root 
growth, but they also prevented eelworm infestation, otherwise it seems 
safe to assume that the plants would have succumbed. Blenkinsop (i ) 
has recently suggested that, in Cornwall and Devon, the important 
factor in potato-sick soils is not the eelworm but a high phosphoric 
acid-potash ratio. In view of this suggestion it may be of interest to 
quote the results of a small trial involving the application of both 
potassic fertiliser and mercuric chloride to potato-sick soil. 

The trial was carried out in 1934 in a large garden near Leeds, the 
soil of which w’as heavily infested with potato eelworm and on which 
in 1933 the potato crop had failed. The history of the previous manuring 
showed that the garden had received inadequate supplies of potash. The 
experimental area consisted of eight small plots, each 8 by 2 yards, 
Ann. Biol, xxrn 11 
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which received treatment as shown in Table VIL The sulphate of potash 
and mercuric chloride were applied on February 22, 1934 and Great 
Scot tubers were planted on April 10, 1934. 


Table VII 


Plot No. 

Treatment 

Yield in lb. 

1 

Nil 

H 

2 

Sulphate of potash (1 oz. per sq. yd.) 

18 

3 

Mercuric chloride (1 oz. per sq. yd.) 

201 

4 

Mercuric chloride (1 oz. per sq. yd.) 
Sulphate of potash (1 oz. per sq. yd.) 

35i 

5 

Nil 

6 

6 

Sulphate of potash (1 oz. per sq. yd.) 

14 

7 

Mercuric chloride (} oz. per sq. yd.) 

m 

8 

Mercuric chloride (} oz. per sq. yd.) 
Sulphate of potash (1 oz. per sq. yd.) 

281 


As in other trials mercuric chloride delayed germination and early 
growth of the potatoes even when applied 6 weeks before planting. The 
plants recovered and subsequently made very good growth. Potash- 
treated and untreated plots produced poor, unhealthy plants with all 
the symptoms of potato sickness and which died off prematurely. 
Examination of the roots of specimen plants revealed only slight infes- 
tation on the plots treated with mercuric chloride. On all the other 
plots infestation on the plants was very severe. 

The yields given in Table VII show that the application of potash 
alone increased the yield considerably, as was to be expected in view 
of the lack of potassic manuring of the soil in previous years. The 
produce from these plots, however, was like that from control plots, all 
of very small size. The tubers from mercuric chloride plots both with 
and without potash were small in numbers but of very good ware size, 
and unlike those from the remaining plots were free from common scab 
and Cortidum (Rhizoctonia) solani. 

The amount of potash applied is admittedly very small compared 
with the unusually heavy dressings applied in Blenkinsop’s experiments. 
It is noteworthy, however, that the application of mercuric chloride 
produced a big yield of marketable tubers, and it seems hardly likely 
that this salt would affect the phosphoric acid -potash ratio of the soil. 

It is perhaps worthy of emphasis that from the results of the trials 
described it is seen that when no dung is applied the effect of mercuric 
chloride dressing is most marked with regard to size and yield of tubers. 
The photographs of typical produce from the 1931 and 1933 experiments 
serve to illustrate this point. 
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Summary 

1. An investigation of the effect on potato sickness of mercuric 
chloride applied as a soil dressing is described. 

2. It has been found that mercuric chloride applied 3-6 weeks prior 
to planting has a depressing effect on the early growth of potatoes. The 
variety Great Scot withstands this effect better than the varieties 
Majestic and Eclipse. This toxic effect is prevented by applying the 
chemical 3 or 4 months before planting. 

3. The degree of infestation of the plants by the eelworm is decreased 
by dressing the soil with mercuric chloride. The reduction in infestation 
is greater the nearer the application is to the time of planting. 

4. The reduction in eelworm infestation is accompanied by an in- 
creased yield of tubers except where plants cannot properly recover 
from the direct toxic effect due to mercuric chloride. 

5. Evidence has been obtained to show that mercuric chloride does 
not kill the eggs within the cysts. 

6. Mercuric chloride treatment of soil effectively prevents the fungous 
diseases common scab and collar rot. 

The writer wishes to acknowledge with thanks the assistance given 
by many of his colleagues, and especially to Mr W. E. Gelling and 
Mr J. Strachan for their help in arranging the field trials, and to 
Mr S. Burr and Dr W. A. Millard for their help with the mycological 
aspect of the investigation. 
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EXPLANATION OF PLATES V AND VI 

PLATE V 

Fig. 1. Total crop from: a, plot 16, untreated; 6, plot 7, mercuric chloride. (See 
Table I.) 

Fig. 2. Variety Eclipse. Total crop from: a, plot 16, imtreated; 6, plot 16, mercuric 
chloride applied December 13, 1932; c, plot 14, mercuric chloride applied January 31, 
1938; d, plot 13, mercuric chloride applied April 1, 1933. (See Table IV.) 

PLATE VI 

Fig. 1. Variety Majestic. Total crop from: a, plot 16, untreated; 6, plot 13, mercuric 
chloride applied April 1, 1933; c, plot 14, mercuric chloride applied January 31, 1933; 
d, plot 15, mercuric chloride applied December 13, 1933. (See Table IV.) 

Fig. 2. Variety Great Soot. Total crop from: a, plot 13, mercuric chloride applied 
April 1, 1933; 6, plot 14, mercuric chloride applied January 31, 1933; c, plot 16, 
mercuric chloride applied December 13, 1932; d, plot 16, untreated. (See Table TV.) 


{Received July 2 , 1935 ) 
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METHODS OF DETECTING MUSKRATS 

By tom WARWICK 

(Bureau of Anitnal Population, Department of Zoology 
and Comparative Anatomy, Oxford University) 

(With 2 Text-figures) 

I. Introduction 

The successful trapping of muskrats (Ondatra zibethica L.) (whose spread 
and present distribution in the British Isles have been described in a 
previous paper, 1934) depends to a great extent upon the ability of the 
trapper to recognise the signs of their presence as an aid to placing 
his traps. 

Although any well-trained trapper is already aware of many signs 
which can be recognised, it was thought to be of advantage to summarise 
some of the known methods of detection, together with some other 
methods which have been evolved in the course of research surveys in 
Shropshire and Scotland, carried out for the Bureau of Animal Popula- 
tion under a grant from the Ministry of Agriculture and Fisheries. 

All the three muskrat campaigns in Britain began work on a dense 
population of animals. This was in each case greatly reduced, till, by 
the summer of 1934, muskrats were very scarce in Perthshire and Shrop- 
shire and almost exterminated in West Sussex and Surrey. Signs of 
muskrats which had been obvious to field workers at the outset have 
become scarcer and the animals extraordinarily elusive. 

II. Methods of detection 

Houses. A house is irrefutable evidence of muskrats. Owing to tall 
marsh vegetation it is sometimes not as easily found as might be expected. 
In Britain, houses may be begun as early as the end of September and, 
later, during October and November. They are made of materials such 
as mud, matted roots, and stems of reeds, and even dead leaves of trees. 

Push'ups^\ In Scotland other signs less obvious than houses, but 
just as good evidence of the presence of muskrats, may occur in the 
marshes and back-waters. These signs are known to the trappers as 
“push-ups’’, and are made in the winter. They seem to be almost 
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invariably connected with the course or entrance of a channel running 
in the water or liquid humus underneath the surface mat of vegetation. 
They consist of mouthfuls of matted roots placed round a small hole. 
An apparently more finished type shows a dome over the entrance, 
rising to a height of 3 or 4 in., and is also made of dead vegetation. Small 
heaps of surface humus may also be scraped together, not necessarily 
in connection with burrows or searchings after roots. 

Plugs, Muskrats often pull up water plants for plugging up the 
entrances of burrows not in use, stopping gaps caused by cattle or man, 
and covering parts of runways amongst tangled tree roots. This is a 
habit not shared by any other British mammal. 

Food-traces. With signs such as bitten-off vegetation we find ourselves 
on less sure ground. Muskrats inhabiting a pond in small numbers may 
leave either ample sign of their presence or next to none, depending 
apparently partly on the time of year, and partly on the duration of the 
infestation. A single muskrat entering a pond in the migratory season 
may leave more sign of its presence than a small resident colony would 
do. In autumn a general collecting of food materials takes place, and 
much that is cut floats to the surface of the water. The muskrat eats 
almost any aquatic or succulent bank vegetation, but roots are nearly 
always preferred to the upper parts of the stems and leaves. This accounts 
for the large quantity of floating material sometimes found, consisting 
mostly of the thinner stems and leaves. It is almost impossible to tell 
from an examination of the smaller species of plants in this floating mass 
whether muskrats or aquatic wildfowl are responsible. It is often possible 
to say from the cut ends of the larger species of rushes, reeds, and grasses, 
whether or no a rodent has been at work; but with the exception noted 
below it is impossible to be at all definite. The roots and stems of water 
lilies (Castalia alba) are favourite foods. The stems are often pulled up 
by swans, etc., but are of too pulpy a consistency to give any sign 
characteristic of muskrat incisors. The presence of its fleshy rootstocks 
floating on the surface is suspicious, as they are too stout to be easily 
dislodged from the bottom of the pond. White shoots of the underwater 
parts of the great reed mace (Typha latifolia) are often cut off by the 
muskrat and float to the surface. The thick stems of the bulrush (Scirpus 
lacustris) are cut off in a characteristic manner, the cut surface being at 
an acute angle to the length of the stem, and presenting a series of 
definite steps, each of about 2 mm. height. The stem may be cut cleanly 
through or may have a slice of cortex left upstanding. Water voles 
{Arvicoldf amphibius), in gnawing this plant, find the stem too thick for 
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a frontal attack, and bite first on one side, then on another. The bites 
are smaller and the general effect is untidier. The trailing ends of long 
pieces of plant fragments not completely dragged inside the burrow may 
sometimes be seen. Unless there is a small colony, it is unlikely that 
much cut-off floating material will be found caught by boughs dipping 
into the water. On rivers swans, ducks and other birds and stock dislodge 
a great deal of aquatic vegetation, which is constantly floating down- 
stream, and which is hardly distinguishable from that cut off by muskrats. 
These, however, often cut much greater lengths of stem than do birds, 
and there are as a rule no roots attached. Sometimes in rivers with thick 
beds of aquatic vegetation near the surface the actual places where 
muskrats have removed plants can be found. 

Muskrats along river (and pond) banks bite off shoots of willow (Salix) 
in a similar manner to that already described for bulrush. In the case 
of twigs J in. or more in diameter the method of cutting is apparently 
characteristic of the animal. Shoots springing from boles near the water 
level (especially in the neighbourhood of burrows in use) are the most 
often attacked. This is a most useful sign of the presence of muskrats. 

Burrows. The burrows of the muskrat, except those made by the 
young animals, are appreciably larger than those of the water vole and 
brown rat. The width of the runway used by an adult muskrat is usually 
4-4i in. A new burrow, at its narrowest point, may be no wider than 
this. The size of the same burrow varies considerably and increases as 
time goes on. This increase depends on the extent to which it is used and 
to the degree of water erosion. Burrows are usually higher than wide. 
Stock often break through the roofs, especially around ponds, and this 
may be the first sign of the presence of the animals. The air hole is not 
invariably present and when plugged with weeds is hard to see. The 
burrows in use seldom open above water except when the entrance is 
well concealed by overhanging tree roots. If an entrance in use is laid 
bare by a fall in the level of the water, it is often plugged up with vege- 
tation, and another one made underneath the new level. Entrances to 
burrows may lie from just under the water level to a depth of 3-4 ft. 
They may open not on the surface of the bank, but in the bed of the 
pond or river, at a distance of as much as 10 ft. from the bank. A tuft 
or bed of aquatic vegetation, through which the muskrat passes as 
through a curtain, may hide its entrance. The entrances to burrows in 
ponds where the bottom is soft may be betrayed by valleys in the mud 
leading to them, caused by the constant passage of the animals. (In 
rivers of rather quiet flow and muddy bed, the mud in front of the 
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entrance to a burrow which is in use is softer than that in the immediate 
neighbourhood, owing to frequent disturbance.) These valleys may con- 
tain turbid water, even when the rest of the pond is clear. Paths through 
the surface weeds or floating debris, and bubbles under the ice when 
the pond is frozen also help to locate the entrance to the burrow. The 
heaps of excavated earth which one might expect to find on the bed 
outside the entrance are often surprisingly little in evidence. The finding 
of burrows and general detection of muskrats along the banks of rivers 
with moderate current is for rather obvious reasons much more difficult 
than on ponds. 

Artificial aids in detection. For systematic examination of pond and 
river banks for muskrat burrows, where it is diflficult to search any 
other way, and where obvious signs are few or lacking, Roith’s “Fanger- 
stock” or probing bar is employed. This is essentially a straight iron rod 
with a crook at one end to act as a handle, and a tapered bulbous tip at 
the other. When the rod is thrust into solid ground uniform resistance 
is met with; but when a burrow, crack, etc. is encountered no resistance 
is felt and the rod slides down easily. The size, plan and depth under the 
soil surface of the burrow can be found. In suitable soils, some trappers 
claim, by an examination of the upper part of the bulb of the probe, to 
be able to form an idea as to whether the burrow is in use or not. If the 
burrow is unused and silted up, this part of the rod is covered with liquid 
mud. In the present state of affairs when very few muskrats are abroad, 
the probing bar is very useful in the detection of new burrows. Old 
burrows are as a rule kept trapped in case they are visited by an odd 
wandering animal. The method has its limitations. It is a practical 
impossibility to probe systematically everywhere, while hard and stony 
soil and tree roots add to the difficulties. The depth at which burrows 
may be detected is of course limited by the length of the bar. In Scotland 
a water telescope similar to those used by the collectors of pearl mussels 
has been used successfully, but on a rather limited scale, to locate 
burrows. 

Footprints. A clear impression of the footprints of a muskrat is un- 
mistakable. The large hind-foot may show the impression of the web; 
and in the case of an animal walking over soft mud the under edge of 
^ the tail leaves a line. The few footprints now made are however often 
obliterated by those of the commoner waterside animals such as water 
voles, brown rats, and waterhens. Footprints are not necessarily found, 
even where a small colony of muskrats is present ; in fact, when muskrats 
are scarce they rarely seem to leave the water. The young are for a few ^ 
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weeks much more terrestrial in habits and their footprints are therefore 
relatively more often found. The bed of a shallow quiet part of a river, 
where muskrats are swimming in a definite route, will sometimes show 
a trail of mud lighter coloured than that of the surroundings, even 
though no turbid water is present. 

Bubbles under ice. The bubbles made by the muskrat while swimming 
under ice vary in size from about \ to in. in diameter. They are not 
released continuously, but only now and then, especially when the muskrat 
comes to the bank. When only one or two muskrats are living in a pond 
observation of bubbles under the ice is of great help, both in detection 
of burrows in use and trapping. The parts of the pond most frequented 
by the muskrat can be found and traps laid accordingly. 

III. Examination of dung 

The importance of finding a method for the accurate identification 
of muskrat dung was realised early in the course of the present investi- 
gation. Fortunately, in Britain there are only two other waterside 
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Fig. 1. a, muskrat dung, x IJ. 6, brown rat dung, x IJ. 
c, water vole dung, x IJ. 


animals whose excreta could be confused with those of the muskrat: 
these are the water vole {Arvicola amphibius L.) and the brown rat 
(Rattus norvegicus L.). These three animals differ greatly in size one 
from the other. As they all subsist more or less on a vegetable diet, it 
might be supposed that the size of particles of plant fibre in the excreta 
would increase from water vole to brown rat, and brown rat to muskrat. 
This is generally true, but at the same time can be no more than a guide. 
The particle size of the excreta depends on the character of the food, 
the size and perhaps the type of molar teeth which the animal possesses. 
In young muskrats just abroad for the first time the particle size is much 
the same as that in the adult water vole. 

Appearance of fresh dung. Typical faecal pellets of muskrat, water 
vole and brown rat are shown in Fig. 1. Brown rat dung is usually 
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lighter and browner than that of the other two species and has when 
fresh an unpleasant smell. Both water vole and muskrat have a smaller 
variety of dung which is stouter and straighter than that figured. The 
dung of adult muskrats varies from 14-23 mm. in length and is about 
7 mm. in diameter. The excreta of young muskrats which have just 
begun to fend for themselves are indistinguishable externally from that 
of adult water voles. 

Habits of defaecaiion. The habits of defaecation greatly affect the 
extent to which the dung identification method can be employed in 
practice. The faeces of brown rats are not so often found at the waterside 
as are those of water voles. This is more likely to be due to a habit of 
defaecating when swimming than to relative scarcity. Pellets, mostly 
single ones, are to be found in runways or on horizontal boles of willow 
trees above the water. Water vole dung may also be found in such 
situations; but where the animals are at all abundant plenty of it is to 
be seen. The water vole has regular dunging places where recent dung 
may be found laid on a trampled mass of older excreta. Such places 
may occur anywhere on a run ; but especially near (or even on) a feeding 
place, and just above a vertical run into the water. Defaecation also 
takes place in the water. Muskrats too have favourite places for defaeca- 
tion, where a cake of excreta may be found and identified by its con- 
tained hairs. Such places are usually tree trunks just above the water. 
Isolated pellets may also be found on horizontal tree boles, or the low 
crowns of willows. There is no doubt, however, that most evacuations 
take place while swimming. Consequently, in a deep river like the Severn, 
dung traces are scarce. When marshes, shallower streams or ditches are 
infested pellets are more often found. A marked difference with regard 
to defaecation occurs in the young. Young muskrats feed on the grasses 
and other vegetation of the river bank to a much greater extent than 
the adults normally do, and they defaecate in runways by the waterside, 
much as do water voles. Also like the latter animals the young muskrat 
may evacuate a Uttle group of pellets at once. When the stomach con- 
tents of muskrats were being investigated it was noticed that fine hairs 
were invariably present. Hairs were also found in the stomach contents 
of water voles and brown rats. The excreta of these three species also 
contain hairs. A method of identification of dung is given below, based 
on the microscopic differences between hairs in the three species. 

Macroscopic examination. Dung collected in the field is placed in a 
small box and allowed to dry. Hairs present on the outside of the pellet 
are first removed. The pellet is moistened with water — just sufficient to 
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enable it to be pulled apart easily with small forceps, the pellet being 
held between the fingers or with a pair of larger forceps. A little is 
removed at a time and when a hair is found it is removed and placed 
in a watchglass containing a little 70 per cent, alcohol. Hairs may be 
examined therein, or mounted in Canada balsam in the usual way. It 
may be said that, with the exception noted below, a single pellet of dung 
yields a sufficient number of hairs for identification purposes. Several 
pellets are usually found together in the field. 

The hairs from brown rat faeces are noticeably coarser than those 
from water vole and muskrat. Some of the body hairs are distinctly 
whitish, or white with a narrow dark zone in the middle. The wool hairs 
have markedly angulated waves. In the water vole the wool hairs, which 
are by far the commonest type found, are usually wavy and fine in 
texture. Faeces of the muskrat yield very many wool hairs, which are 
usually more wavy and often longer than those of the water vole. 
Shorter wool hairs may be found, but most pellets contain a sufficient 
number of very long wool hairs which put the issue beyond doubt. 

Microscopic examination. Measurements of two series of sixty wool 
hairs from each of the three species were taken. One series was removed 
from skins, and to be as representative as possible ten hairs from each of 
six skins were used in each of the three species. The other series was 
removed from dung; in the case of the muskrat, this was obtained from 
the recta of several individuals, while the water vole and brown rat 
excreta were collected in the field. The ratio, width of medulla to width 
of hair was found. Table I and Fig. 2 show the results obtained. The 
following points emerge : 

(1) Muskrat hairs are less variable as regards the ratio measured 
than are those of water vole and brown rat. 

(2) Owing to the degeneration of the medulla in the hairs obtained 
from faeces these hairs show more frequently a lower medullary width 
ratio than do those from skins. 

(3) Muskrat hairs are well represented (as compared with the other 
two species) in the 0-30-0-50 ratio class, about equally in the 0*50-0*70 
class and not at all in the 0-70-0-90 class. 

The ratio medullary width to hair width for the range 0*30-0-50 there- 
fore affords a reliable method for distinguishing the wool hairs (and hence 
the faeces) of muskrats from those of water vole and brown rat. The 
number of muskrat hairs which fall into this ratio range is about double 
that of either of the other two animals. The above method is applicable 
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Ratio of medulla width/hair width 
Fig. 2 a. Water vole 
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Faecal hairs Coat hairs 


Ratio of medulla width/hair width 
Fig. 2 c. Brown rat. 

Table I 


Ratio of medulla widthjhair width. Number of hairs out of 60 
falling into the different ratio groups 
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to old faeces which have lost their natural shape. In one case (that of 
young muskrats) the method largely breaks down. Examinations of the 
dung of young muskrats for hairs have been consistently negative. Very 
few hairs have been found and these were short and insignificant. Fortu- 
nately young muskrats often leave at the same time, as well as dung, 
other signs of their presence, such as footmarks. The dung of young 
water voles is also hairless and is noticeably smaller than either that of 
adult voles or young muskrats. 
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IV. Summary 

In this article natural signs left by muskrats and various artificial 
aids in detection are described and discussed. Houses and the so-called 
“push-ups” are in marshes obvious and characteristic signs. With few 
exceptions it is hard to state definitely whether food traces found in the 
field have been made by muskrat or not. Willow shoots and the stems 
of bulrush (Sdrpics) are however bitten off in a characteristic manner. 
The finding of burrows is very important from the practical standpoint. 
Where the burrows are not superficial the Fangerstock or probing bar is 
employed in locating them. The footprints of the muskrat are unmis- 
takable. 

A method for the identification of muskrat dung is given. This 
depends on the measurement of the ratio of medulla width to hair width 
in hairs obtained from the faeces and its comparison with that of similar 
hairs from water vole and brown rat. Far more hairs of the muskrat lie 
in the ratio limits 0- 30-0- 50 than do those of water vole and brown rat — 
the reverse being true of the ratio limits 0*70-0*90. 
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PROCEEDINGS OF THE ASSOCIATION OF 
APPLIED BIOLOGISTS 

General Meeting of the Association of Applied Biologists held in the 
Botany Lecture Theatre of the Imperial College of Science and Tech- 
nology, South Kensington, London, on Friday, October 11, at 11.45 a.m. 
The President, Dr T. Goode y, in the Chair. 

The following papers were read on “Some Glasshouse Problems at 
the Cheshunt Experimental Station’'. 

I. Introduction. By W. F. Bewley, C.B.E., D.Sc. 

11. Animal Pests of Interest in Glasshouses. By E. R. Speyer, M.A., 
F.R.E.S. 

III. Some Observations on the Composition of Tomato Plants. By 
0. Owen, M.Sc., Ph.D., A.I.C. 

IV. The Control of Red Spider Mite and Tomato-leaf Mould. By 
W. H. Read, M.Sc., A.I.C. 

V. Some Important Diseases of Glasshouse Plants. By P. H. 
Williams, B.Sc. 


I. INTRODUCTION 
By W. F. Bewley, C.B.E., D.Sc. 

The Experimental and Research Station, Cheshunt, was conceived during that period 
of optimism which occurred prior to the war; it was bom when the war clouds were 
gathering over Europe, and saw its early childhood during the time of international 
strife. 

Essentially the child of the Lea Valley Growers, it soon developed ambitions 
beyond its home circle and is now recognised as the National Station for crops grown 
in glasshouses and in frames. Its origin and development have been governed by 
the needs of the great industry it is called upon to serve. 

The Lea Valley area was commenced in 1876, when the late Mr Joseph Rochford 
went to Tumford and built the first commercial glasshouses in that district. During 
the next thirty years, when the industry was developing, there appears to have 
been no great demand for scientific research, owing no doubt to- the fact that the 
crops then grown were raised under more natural conditions than they are to-day. 

Later, economic changes led to more severe forcing and the production of “out 
of season” crops. During the early part of the present century, problems of pests 
and diseases in addition to that of “soil sickness” confronted the growers, and it 
was natural that they should turn to science for the help which they needed so badly. 
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They found a very sympathetio friend in Sir John Russell, who was instrumental in 
introducing to them the process of soil sterilisation — a process which proved most 
successful and which has developed out of all recognition during recent times. 

Having found a means of overcoming one of their troubles, the Lea Valley 
Growers were not slow to realise that organised research was vital to the security 
of their industry, and in 1914 the Cheshunt Research Station came into being. 

It is not my intention as the opener of to-day’s proceedings to do more than 
introduce you to the station, point out the nature of its work, and lightly touch upon 
some of the more important results which have been obtained in the past. 

The success of the station is largely dependent upon the close co-operation which 
exists between the scientist and the grower, and it is natural that the greater part 
of the work must be of a very practical nature. At the same time the more funda- 
mental side of the work is not forgotten, for upon it must depend any future im- 
provements in heating, construction and crop management. Thus while each member 
of the staff must take a share in the advisory work, he or she is responsible for a 
definite section of the more fundamental investigations. 

The period 1914-19 was one of great difficulty because, owing to the national 
crisis, it was difficult to find either the men or the money for the work. When the 
year 1919 dawned, hostilities had ceased and the nation settled down to a process 
of reconstruction and development. Diseases and pests had developed and spread 
considerably during the war years, and it was the ravages of the tomato moth cater- 
pillar which led to the appointment of the first entomologist. Dr L. Lloyd, in 1919. 

This pest, on the growers’ own estimate, was costing the Lea Valley Growers the 
sum of £40,000 per annum by the destruction of plants and fruit and the cost of hand 
picking the caterpillars, the only means of control then adopted. 

Dr Lloyd quickly devised control measures involvmg the trapping and destruction 
of larvae during the winter, the trapping of moths as soon as they emerged, and the 
spraying of plants with arsenate of lead during the early stages of growth. The 
measures he recommended were adopted whole-heartedly by the growers and proved 
most successful. The destruction of plants and fruit was reduced to negligible pro- 
portions by the annual expenditure of a few hundred pounds only. 

Another pest of glasshouses, the greenhouse white fly, was causing damage valued 
at £25,000 per annum in the Lea Valley. Little attempt was made to control it, 
because although many growers had tested the method of *‘cyaniding” recommended 
for this pest, the plants had boon injured so badly that they refused to try it again. 
Dr Lloyd perfected a method of “cyaniding'’ tomato houses so as to obtain a 
maximum kill of the insect, at the same time reducing to a minimum any risk of injury 
to the plant from the poisonous gas generated. As an alternative to “cyaniding”, 
especially in cases of less frequent attacks by white fly upon cucumber plants, which 
will not stand fumigation at full dosage. Dr Lloyd introduced the liquid fumigant 
Tetrachlorethane. 

In 1926, a few scales of the greenhouse white fly parasitised by a minute chalcid 
wasp Enmrsia formosa Gahan, were sent to the station by Mr L. Hawkins through 
the kindness of the Gardener s' Chronicle, Mr E. R. Speyer investigated the life history 
of this parasite and devised means whereby it could be bred on a large scale for 
distribution to growers. Its success was immediate, and the work of breeding and 
distribution, now part of the routine of the station, is in the hands of Mr 0. Orchard. 
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The parasite has been distributed from the station to all parts of the British Isles, 
and to distant colonies. 

The work on manurial treatment and crop manctgement has yielded many results 
of value to the industry, but probably the most important are those which showed 
the necessity for regulating the application of fertilisers in accordance with the 
weather conditions. 

It was demonstrated that the total weight of the tomato crop in any year is 
dependent upon the total hours of bright sunshine between April 1 and September 30, 
and that during hot sunny weather the tomato requires a good deal of nitrogen and 
a little potash, whereas in dull weather it needs heavy applications of potash and but 
little nitrogen. 

The last lesult, which suggests that lack of strong sunshine can be compensated 
to some extent by applications of potash, has explained the apparent contradictions 
between the results of manurial trials in the hot sunny areas of America and those 
in the less favoured parts of the world. In the former, heavy applications of nitro- 
genous fertilisers are essential, while in the duller areas of Europe heavy dressings of 
sulphate of potash are most necessary. It also shows that the tomato in this country 
requires a good deal of potaah and little nitrogen during the early stages of growth, 
with increasing amounts of nitrogen and less potash as the plant ages. 

These results have been of the greatest assistance in advising successful treatments 
for different parts of the country and for different types of seasons. The work on 
tomatoes is being extended to other crops and shows without doubt that manurial 
treatment and crop management must be regulated as the weather conditions demand. 

Investigations into the effect of raising the temperature of glasshouse soils began 
in 1927, when Mr Olsen of the Scandinavian Cable Works at Oslo presented a set of 
cables similar to those used by him for supplying bottom heat to frames. Preliminary 
experiments quickly showed that the temperature of glasshouse soils in this country 
is lower than is desirable, and that considerable improvement in plant growth and 
crop production can be obtained by increasing it artificially. Root development is 
greater, the roots are cleaner and live longer than in soil at ordinary temperatures. 
Vegetative growth is more vigorous, and the plants remain green and healthy beyond 
the time at which they are usually finished. The first box of tomatoes is not usually 
picked sooner, but the main crop ripens earlier and a greater weight is picked during 
the first month. In the case of cucumbers heavier and earlier crops have been obtained. 

A high percentage of the root diseases which have made soil sterilisation so 
necessary are the result of unfavourable physical and chemical conditions, which 
appear to be corrected by raising the soil temperature. On the other hand, some 
diseases would not be affected and certain pests such as the oelworm and wireworm 
might become more serious. It would seem that soil warming will ultimately replace 
soil sterilisation to some extent in this country, where low temperature conditions 
prevail. 

The electric method employed in the preliminaiy experiments is too expensive 
at the present cost of electricity for it to be applied to commercial tomato and 
cucumber work, but a suitable method has been devised for warming the soil by 
circulating hot water in small pipes buried beneath the soil. Experiments on a com- 
mercial scale have been conducted in various parts of the country, and it seems likely 
that the method will ultimately become standard practice. 

Ann. Biol, xxnr 
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The hot water is prepared in a separate boiler from which it is led by 2-m, mains 
to a series of pipes 1 in. in diameter placed 3 ft. apart and buried 2 ft. below the 
surface of the soil. Circulation is effected by a small electric pump fitted with a 
stopping and starting device controlled by a thermostat placed in the soil. By this 
means the soil temperature can be maintained constantly at the desired temperature. 

Another important part of the work of the station was the raising of a new autumn 
and winter lettuce, Cheshunt Early Giant. Prior to this there was no variety which, 
when grown to be harvested between December and February, would form a sufficiently 
large and solid heart to satisfy the requirements of the market; and the public was 
dependent upon imported lettuce for its supply. This new lettuce can bo cultivated at 
a time when the glasshouses of this country are usually empty. It can be grown to 
produce 6- or 7-oz. lettuce with a large solid heart for Christmas and the next 10 or 
12 weeks. It has met a popular demand and provided the home grower with a means 
of competing with importations from abroad. 

Time will not permit a fuller discussion of the work at Cheshunt, but it must l)e 
borne in mind that as the station is intended to serve the glasshouse industry to the 
fullest possible extent, its activities must cover a wide field. In addition to problems 
directly concerning the crops themselves, problems of house construction and building 
materials, heating and fuel values have been investigated as the need arose. 

Supporters of the station are drawn not only from the Lea Valley, but from every 
comer of the British Isles, and from various parts of the Empire. 


n. ANIMAL PESTS OF INTEREST IN GLASSHOUSES 
By E. R. Speyer, M.A., F.R.E.S, 

It is intended here to refer briefly to one or two animal pests of glasshouse plants, 
of which little notice is taken nowadays, owing to control measures devised for them 
having been employed with some measure of success by the glasshouse industry. 

The problems of the present day, however, cannot be disregarded, and that 
particularly concerned with injury to flowers of ornamental plants by Thysanoptera, 
commonly known as “Thrips”, might offer material for useful discussion. 

Lastly, some reference to the biological control of pests in glasshouses and its 
possibilities should not be out of place. 

Woodlice 

Not perhaps of particular interest biologically, these Crustacea were in 1922 so 
prevalent in cucumber houses in the Lea Valley, that measures for their control had 
to be undertaken. The injury caused by them was at first not very apparent, but it 
came to light that the period of cropping was seriously curtailed through the removal 
of the outer layers of the stem. Though present in incalculable numbers, the species 
particularly responsible for the damage was found by Dr Jackson to be new to 
science, and was described by him under the name Armadillidium speyeri. 

An inquiry into the feeding habits of this and other species showed that they 
were not particularly attracted to any form of bait commonly in use, but that they 
would readily feed upon dry bran, a cheap commodity which is easily distributed 
so as to cover the soil in which the woodlice live. 
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Of the poisonB tested with a view to mixing with bran, Paris green and potassium 
bichromate were effective, but the latter was so distasteful to the animals that baits 
made up with it were never entirely efficient. Paris green had long before been used 
in baits for woo41ice, but was also found to be repellent if contained in too great 
quantity in the bait. The best proportions were determined as Paris green 1 part to 
bran 28 parts, a mixture which killed the woodlice in thousands when broadcast 
over the borders and paths at the small rate of about \ oz. per square yard. Several 
years later it was found that dried blood, a most valuable top-dressing manure, 
was often more attractive than bran, and the best proportions here proved to be 
Paris green 1 j)art and dried blood 56 parts. Paris green baits are effective against 
other kinds of woodlice, such as PorceUis laevis Latr., often brought into glasshouses 
in stable manure, Armadillidium milgare Latr., usually common in tomato houses, 
and Oniscus aselltLS L., which is injurious to orchids. 

When new glasshouses are erected upon grassland, it sometimes happens that the 
common pill- woodlouse, Armadillidium vulgarey is present in the soil in vast numbers, 
and may then constitute a serious pest. 

Such an occurrence was recorded in May 1925, when cucumber plants upx)n a 
new nursery in the Lea Valley were almost entirely stripped of their foliage. By 
means of empty seed boxes placed upon the borders, the grower concerned had 
collected some 4 cwt. of the animals up to June 1 1, this representing about 2 J million 
woodlice, but no material decreitse in their numbers was apparent. On this date the 
borders were treated with the Paris green bran bait, and after a second application 
the grower reported 6 days later that the woodlice had to all intents and purpx)ee8 
vanished. 


(Uirysavthem'um midge 

IHarihronomt/ia hypogaea Low, is a cecidom3dd fly which has caused considerable 
loss to growers of chrysanthemums in the United States. The larvae form charac- 
teristic galls upK)n the foliage, and often upon the stem to an extent which leads to 
deformation of the flower shoots. The insect was probably not recorded in Great 
Britain prior to 1927, but in October of that year an outbreak occurred in Hert- 
fordshire and Essex, and this was traced to the importation of cuttings of the 
variety Monument from the United States three years previously. From the subse- 
quent distribution of cuttings amongst growers, eight nurseries became infected, 
and the insect spread to some ten varieties, three of which were subject to severe 
infestation. 

Co-op)eration between the Ministry of Agriculture, the research station and the 
growers concerned led to the immediate adoption of control measures recommended 
by the Cheshunt Station. These were: 

(а) Spraying twice weekly' with commercial nicotine (90-98 per cent.) 1 part in 
400 p>art6 water, with potash soft soap J oz. to the gallon, up to the time of the 
opening of flower- buds. This killed the eggs (which are laid near the growing point 
of young shoots) and the adult flies emerging from the galls, but left many larvae 
within the galls alive. 

(б) Removal and burning of all young growth from the base of the plant toward 
the end of December. It is now considered that this was the most important step 
which led to eradication of the peat. 
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(c) The deetraotion by fire of all old stools after tidLing cuttings in January and 
February. 

(d) Dipping of cuttings in nicotine 1 part to 800 parts water without soft soap. 

The Ministry prevented the distribution of plants or cuttings from infested 
nurseries. In April 1928, when reappearance of the midge after its dormant period 
was anticipated, it was found that the insect had been stamped out in the Lea Valley. 

It persisted upon only one nursery in Essex, and a single nursery in Bedfordshire 
was later found to be infested. By the following year the "pest had been entirely 
eradicated and it has not been recorded since. 

Thysanoptera 

One of the most urgent problems at Cheshunt concerns insects commonly known 
as “Thrips”, The species Thrips tahaci Lindeman, now well known as a vector of 
spotted wilt disease, fortunately not as yet prevalent in the Lea Valley, causes injury 
to flowers of various ornamental plants grown under glass, chiefly carnation, cyclamen 
and arum. No certain means of controlling the pest is at present available for the 
carnation grower. Investigations during the summer of 1936 have shown that the 
eggs are inserted into the tissues of the calyx, in the distal region, shortly before the 
carnation flower-bud opens. After the flower- bud breaks, additional eggs are laid in 
the petals, and the larvae hatching from those in the calyx creep into the flower. 

When full grown the larvae escape from the open blooms, and the two pupa) 
stages are passed in the soil or concealed in flowers. Pupae have not, however, been 
found amongst the leaves of the plant. It is of some interest to note that full-fed 
larvae floated upon water, and sometimes even w'hen submerged in water will subse- 
quently complete two moults and may even become adults under these uncongenial 
circumstances. As the foli^e of carnation appears to be unpalatable to the larvae, 
it is only the flower which serves as a breeding plat‘e for the insect. 

If these observations are correct, the broods of Thrips must be sent to market 
in flowers, as the larvae do not leave them for a considerable period of time after 
they have been cut. It is not improbable that many pupae or adults are subsequently 
distributed to nurseries in returnable boxes. 

Further, it would appear that, in order to prevent the characteristic spotting of 
the petals due to the feeding of both adults and larvae, control measures should be 
directed towards the application of some deterrent which will prevent oviposition in 
the calyx, and deter the adults from entering the blooms after the flower begins 
to open. 

With an insect so common upon outdoor plants, and one which passes a con- 
siderable period of its life in the soil, the chances of removing the source of infestation 
do not appear to be great. 

Biological control of pests in greenhouses 

The parasite Encarsia fonnosa Gahan of the greenhouse white fly, bred at the 
Cheshuift Experimental Station for distribution to growers, has reduced the white-fly 
popifktion of the Lea Valley to such an extent that the grower no longer regards 
thi# Weot as a pest in the district. 

Efforts have been made to breed parasites and predators of other pests, but they 
have not been attended with the hoped-for success. 
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The remarkable life history of Comedo opaculus Thoms., an eulophid parasite of 
the tomato-moth caterpillar, has been folly studied, but this insect is ill-adapted to 
keeping its host in check. 

Stethorua puncliUum W.S., a ladybird beetle predatory upon red spider mite, was 
obtained from Belgium in May 1933, and was bred in large numbers for two genera- 
tions, but the beetle was unable to adapt itself to conditions prevailing in tomato 
hotises, shade such as is offered by vine foliage apparently being necessary for its 
reproduction. It is also doubtful if this predator or the cecidomyid, Therodiplosia 
peraicae Kieff., can breed quickly enough to keep up with the generations of its host, 
which follow one another in such rapid succession during the summer months. 

It is not likely that another parthenogenetically reproducing parasite such as 
Encarsia formom will be met with just yet, but time spent in observation upon life 
histories adds to general knowledge of biological control, and at least helps in the 
selection of suitable peurasites or predators which might be of economic value in the 
future. 


m. SOME OBSERVATIONS ON THE COMPOSITION 
OF TOMATO PLANTS 

By 0. OwKN, M.Sc., Ph.D., A.I.C. 

The omission of potash or nitrogen from tomato fertilisers has pronounced effects 
on the quantity and quality of fruit and on the foliage of plants. In fact the condition 
of the fruit and foliage can often be an unmistakable indication of a deficiency in 
the soil of one of these nutrients. The addition of potash or nitrogen to soils deficient 
in these substances is always followed by a definite response in the plants — often of 
a speedy nature. In the case of phosphates, however, a different state of affairs 
exists. Successive crops have been grown in the same plots for some years without 
the addition of phosphates, and to all appearances the plants have been just as good 
as those receiving “complete” fertiliser. Nor have the weight or the quality of the 
fruit been affected. Further, a tomato crop rarely reacts to the addition of phos- 
phates, although there was a fairly widespread belief among growers at one time 
that phosphates would “harden” tomato plants. It has to be remembered, however, 
that the plants are often propagated in soil which is fairly rich in phosphates, and it 
may be that almost sufficient phosphate is supplied in the early stages to carry the 
plant through its life history. 

These facts prompted the study of the composition of the foliage of tomato plants 
and of whole plants, and some of the results obtained were discussed. Data for four 
different seasons were adduced to show that in the absence of added phosphates the 
potash content of tomato leaves was depressed — on the basis of percentage com- 
position of dried material. In no case, however, was the potash deficiency accom- 
panied by any of the symptoms associated with potash deficiency. The possibility 
that the water contents in the two cases might have been different was ruled out, 
as it was shown that differences of the same order persisted when the data were 
referred to a green weight basis. The hypothesis was advanced that in the absence 
of a certain concentration of phosphates in the soil tomato plants take up subnorma 
amounts of potash — the “normal” amount being that taken up by plants grown in 
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soil dressed adequately with phosphates, potash and nitrogen. Further evidenoe on 
this point was supplied by analysis of foliage from plots reoeiving graded amounts 
of phosphate. A plot which had received no phosphates for some years was divided 
and the subplots received increasing cunounts of phosphates — ^potash and nitrogen 
being kept constant throughout. Up to a phosphate content corresponding to about 
1 1 per cent. Ca3(P04)2 in the fertiliser there was an increase in the percentage potash 
in the dried foliage. 

Equally interesting results were provided by the analyses of plants growing in 
soil not receiving potash. In three out of four seasons the percentage of phosphoric 
acid is definitely increased by the omission of the potash. The effects of graded appli- 
cations of potash to a “no potash” plot confirmed these findings. A potash concen- 
tration in the fertiliser of about 2*7 per cent. KjO reduced the phosphoric acid concen- 
tration in the dried foliage to leas than half that in foliage where no potash was applied. 

These facts could be explained, in part, on the basis of the reduction of carbo- 
hydrate formation in the absence of potash. This would have the effect of tending 
to increase the percentage of other constituents. It is important to note, however, 
that the omission of potash actually reduces percentage of ash in the foliage, as will 
be seen from the following figures: 

Percentage of ash in dried foliage 

Complete artificials 32*63 26*97 34*47 30*40 

Complete artificials without potash 31*32 26*36 27*57 25*01 

In the first two years the reduction in ash content is negligible, but in the other 
two it is appreciable. In other words it may be said that the omission of potash 
increases the amount of what may be termed combustible material. In passing it 
may al^o be stated that the omission of potash has but little effect on the nitrogen 
content of the foliage. 

Another explanation of the results is that the tomato plant is sufiiciently adaptable 
to take up other nutrients, including phosphates, when there is a deficiency of potash. 
A survey of the literature indicates that these relations are not confined to the 
tomato plant. 

The significance of these results lies in their application to the analysis of plants 
or foliage for the determination of the availability of soil potash and phosphates. 
Where a seedling method is used or the analysis of foliage is relied on, it is clear that 
care must be exercised in the interpretation of results. If by such methods a high 
available phosphate content is indicated, actually it may be indicative not only of 
adequate phosphate supplies but also of potash deficiencies. Also low potash avail- 
ability might easily mean phosphate deficiency rather than a potash deficiency per se. 

Analyses of whole plants at various times, considered in conjunction with manurial 
experiment cmd advisory experience, suggest that the need of phosphorus as a direct 
nutrient for tomatoes is low. It is calculated that a 40-ton crop removes about 
670 lb. KjO, 76 lb. P2O4, and 340 lb. nitrogen per acre, and these figures are probably 
in the region of the maximum annual removal of these nutrients. 

Comparison of whole plants, manured and unmanured, gave the following 
interesting ratios: 

K2O P.O* N 

Manured 8*98 : 1 : 4*6 

Unmanured 2«8 ; I ; 6*0 
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The ratio for manured plants is very interesting when it is recalled that in a 
“complete” tomato fertiliser widely used at one time the ratio is 0*62 : 1 : 0*51. 

In the light of what has already been said the difference between the ratio 
K^O/PjOj for manured and unmanured plants is readily explained. Owing to suc- 
cessive cropping and the fact that the tomato plant requires relatively large amounts 
of potash, the potash level in the unmanured plot was low. Consequently there had 
been a growing tendency to an increased intake of phosphate. This depleted the 
phosphate reserves in the soil and consequently reduced the ability of the plant to 
make use of what little available potash there was. The two phenomena operating 
together result in a reduced potash intake and an increased phosphate intake. Hence 
part, at all events, of the fall from 8*98 to 2*8 in the K^O/PjOg ratio. 

Another point of interest arose from the actual fruit produced by these two sets 
of plants. The manured plant gave 5*5 lb. per plant, while the unmanured one yielded 
only 3-2 lb. But the ratios fruit/green material in the two cases are: 

Manured Fnmanured 

Fniit/green material 1*6 2*6 

Now the grower obviously wants the ratio to be as high as possible, and it appears 
on the face of it that the unraanured plants have been functioning more efficiently 
than the manured ones. Actually from a commercial standpoint such is not the 
case. From the manured plot the proportion of first-grade quality fruit was 94 per 
cent, of the whole, from the unmanured plot it was only 43 per cent. This difference 
more than discounts the difference in the ratios fruit/green material. 


IV. THE CONTROL OF RED SPIDER AHTE 
AND TOMATO-LEAF MOULD 

By W. H. Read, M.So., A.I.C. 

The red spider mite {Tetranychus Ulanm\ which growers term either spider or red 
spider, and tomato-loaf mould (Cladosporium. Julvum)^ universally termed “tomato 
mildew”, constitute two of the most serious enemies of the tomato grower. Few 
growers are not troubled with either of these, but the red spider mite is not at all 
particular in its diet, so that most horticulturists have experience of the damage it 
can cause under glass. I am not going to take up your time with a description of 
the red spider mite or tomato-leaf mould. 

The history of the red spider mite has been dealt with by Lloyd, Speyer and 
Orchard, whilst Bewley and Small have dealt with tomato-leaf mould, and from 
their work it will be seen that the problem of controlling both of them is complicated 
by their over-wintering in the structure of the glasshouses. The spores of tomato-leaf 
mould are deposited in crevices and the like, whilst the red spider mite is adept at 
finding snug situations where neither sprays nor fumigants penetrate with ease. 
Another factor which adds to the difficulty is that the severity of the attack is greatest 
in both oases when marketable fruit is on the plants. This also applies to the atteteks 
of red spider mite on cucumbers. 

The presence of this fruit necessitates the use of sprays or fumigants which neither 
mark the fruit nor imp€U*t an impleasant taste which does not disappear after a day 
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or two. With regard to this tainting of the fruit it may be as well to state here that 
tomatoes eusquire unpleasant flavours from fumigants much more readily than do 
cucumbers and retain them much longer. 

Perhaps it will be as well if 1 now describe the methods which have been adopted 
for the control of the red spider mite before passing on to the control of tomatodeaf 
mould and joint control methods. 

On occasions we have shown at Chelsea Flower Show plants attacked by the red 
spider mite, and many gardeners have sorrowfully shaken their heads and summed 
the cause up in two short words — “too dpy“, and gone on to say that all that is 
needed to stop it is to syringe the plants and keep the atmosphere moist. There is 
much truth in these remarks, for on certain plants such as peaches and many orna- 
mental plants the pest can be kept in check in this manner. It would be difficult, 
however, to find many plants which are grown in such humid atmospheres as 
cucumbers, upon which the red spider mite is a very serious pest. Neither would it 
be advisable to suggest to a carnation grower that he damps his plants and con- 
tinually maintains a humid atmosphere to rid himself of the red spider mite. 

Consequently it is necessary to employ insecticides to keep the red spider mite in 
check. Many dusting and spra3ring methods have been tried in the past, but the 
first measure which gave anything approaching a satisfactory control was a flour 
paste liver of sulphur spray introduced by Lloyd. This was followed by a liver of 
Bulphiu* soft soap spray which necessitated the use of soft water if clogging of the 
spraying plant was to be avoided, but when made with soft water was more easily 
prepared and marked the fruit to a less extent than the flour-paste mixture. Both 
these had a detrimental hardening effect on the plant — a minor disadvantage was 
the staining of the white-lead paint on the structure of the houses. 

The introduction of petroleum-oil emulsion sprays from America gave growers a 
new weapon. Following chemical and entomological investigations at Cheehunt in 
1927 a formula for the preparation of a suitable oil emulsion was published, and an 
emulsion corresponding to this formula is still used in considerable quantities: 

Petroleum oiP 80 per cent, by vol. 

Water 16 per cent, by vol. 

Sodium caseinate 0-6 per cent, by wt. 

Sodium coconut oil soap 1*7 per cent, by wt. 

Ammonia (0*880) 1*5 per cent, by wt. 

In many respects an emulsion of a highly refined petroleum oil constitutes an 
ideal insecticide, in that it need not contain any poisonous substance or anything 
which is odorous, easily noticed on the fruit or imparts a taste. 

At first it was thought that emulsions of highly refined petroleum oils were 
without injury to glasshouse plants with a few exceptions, such as those with a 
“bloom'* on the foliage or fruit, such as carnations and grapes. 

Frequently tomato plants grown under modem glasshouse conditions are almost 
in an oedematous or dropsical condition in the spring at the time when the red spider 
mite is commencing to attack them. The application of an oil emulsion spray causes 
the disorder to appear by reducing the rate of transpiration from the leaves. Not 

1 Termed water-white petroleum and is &ee from sulphur and has an unsulphonated 
residue exceeding 95 per cent. Sp. gr. 0*860, 110 reos. Redwood No. 1 at 100® C. 
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only doee the oedema seriously interfere with the normal growth of the plant* bnt 
the ruptured cells are liable to become infected with Botrytis, 

On certain nurseries great attention has to be given to cultural details when oil- 
emulsion sprays have been applied early in the season* and in some cases it has 
proved too risky to spray with oil emulsions until the susceptible stage is passed. 
This seems to apply only to the tomato and possibly Solarium capsicastrum (winter 
oheny), and it is probable that later in the season many tomato crops benefit from 
the application of oil emulsions, especially plants which are ageing. 

All proprietary emulsions do not possess this tendency to cause oedema to the 
same extent, and investigations are in progress to determine the factors responsible. 
As a result of the danger of oedema a very large number of substances have been 
tried as spray mixtures to replace oil-emulsion sprays. Emulsified glyceride oils were 
tried but not found as satisfactory as petroleum oils, whilst emulsified synthetic 
solvents, neutral tor oils and solutions of naphthalene in various solvents all caused 
very severe injury in concentrations which killed the active stages of the mite only. 
At one time a proprietary product said to consist mainly of sulphonated oxidised 
petroleum hydrocarbons appeared to be the solution, for it gave an excellent control 
of the red spider mite at a dilution of 1 in 300. Comparative tests showed that it 
had at this dilution a greater tendency to cause oedema than petroleum-oil emulsions 
used at a dilution of 1 in 100. From time to time derris extract sprays containing 
this or similar substances are submitted for trial, and it is as well to bear in mind 
this tendency for causing oedema. 

From trials of numerous sprays as substitutes for petroleum-oil emulsions it would 
seem that derris extracts are of most promise. Both emulsified extracts of derris and 
sprays prepared by incorporating a wetting agent with finely ground derris have 
been tried. Our experiments this year have shown that there is some factor which 
reduces the effectiv^eness of these sprays in the summer, but where there is risk of 
oedema in the early part of the year such sprays are worthy of trial. 

A brief outline of the methods of controlling the red spider mite on other im- 
portant glasshouse crops may be of interest. In the case of the cucumber no trouble 
is experienced with the application of oil emulsions apart from the ever-present 
difl&culty of getting the spray to reach all parts of the foliage — a matter on which 
1 hope to say a few words in connection with the use of combined insecticide-fungicide 
mixtures. In addition to the disadvantage of expense, many derris extract sprays 
have a slight hardening effect on cucumbers, and the only satisfactory alternative 
to spraying with a petroleum-oil emulsion is to fumigate with naphthalene. The 
method of fumigating with naphthalene is now used only in cases of very 
severe infestations and towards the end of the season. For this purpose a highly 
refined naphthalene is employed, and the vapour obtained by heating this in what 
are now termed naphthalene lamps or by the brosidcast method in which the 
naphthalene is scattered evenly on the surface of the soil and path of the glass- 
house. The fumigation of cucumbers by the “broadcast” method devised by Speyer 
is adequately described in our annual reports for 1924 and 1926, and it will be seen 
that high temperatures (74° F.) must be maintained over long periods — at least 
12 hours — ^in order to obtain a satisfactory control of the red spider mite. If the 
necessary high temperature c<m be maintained sufficiently long the process is very 
effective. The fumigation of tomatoes by this method is impossible, for even if lamps 
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are employed to obtain the neoeseary oonoentration of naphthalene vapotu the 
damage to the plants and tainting of the fruit renders the process useless from a 
eommeroial standpoint. 

The red spider mite is a very serious pest of the carnation also, and as previously 
mentioned oil>emulsion 8 pra 3 r 8 cannot be used on this crop. Liver of sulphur and 
soft soap was at one time the standard recommendation, but this does not find favour 
on account of the marking of the bloom and hardening of the plants. The use of 
deiris apraya has been investigated and these are now extensively used, but the most 
promising control measure is naphthalene fumigation. 

Recent experiments at Cheshunt have shown the impossibility of fumigating 
carnation houses with naphthalene by the ''broadcast’’ method if plant injury is to 
be avoided except under very favourable weather conditions. The carnation is sus- 
ceptible to injury by continued high temperatures. A great part of the time during 
which high temperatures must be maintained in the "broadcast” method of fumiga- 
tion is employed in obtaining a sufficiently high concentration of naphthalene vapour, 
whereas when lamps are employed the concentration can be built up quickly, is more 
under the control of the operator and the fumigation can be conducted at a lower 
temperature. 

A tremendous number of other substances have been tried as fumigants, many 
of which destroyed the mite at low concentrations, but generally speaking their toxic 
.effect on the plants corresponds with their effect on the mite. 

1 will now deal with the measures which can be adopted at the end of the growing 
season. The investigations conducted on numerous tomato and cucumber nurseries 
by Orchard show that it is necessary to undertake these measures before the majority 
of the mites have left the plants and found hibernating places. Fumigation with 
naphthalene (1 lb, per 1000 cu. ft.) is valuable if lamps are available or high tem- 
peratures can be obtained by applying pipe heat to augment sun beat during favour- 
able weather conditions. For this purpose a cruder naphthalene can be employed, 
since scorching of the plants is advantageous rather than otherwise. As an alternative 
sulphur may be burnt — a dose of 1 lb. per 1000 cu. ft. being required. 

The burning of sulphur to cleanse glasshouses is an old practice and has the 
advantage of destroying fungus spores also. It has a great disadvantage, however, in 
that damage may be caused to following crops. As a result of the investigation by 
Orchard of a case of severe injury to a crop of chrysanthemums, samples of the 
damaged foliage were analysed and considerable quantities of zinc discovered. This 
was found due to the leaching by condensed moisture of zinc sulphate from the zinc 
white paint of the house, this salt having resulted from the action of sulphur dioxide 
on the zinc oxide and subsequent oxidation. In other cases zinc sulphate has been 
formed from the galvanising of supporting wires, and whilst it is easy to remove 
the zinc sulphate from these by washing, it is more difficult to remove it from the 
paint, in addition to which the paint film must obviously be damaged. 

Consequently burning sulphur is only advised where leaf-mould or mildew has 
been present as well as red spider and the paint of the house is free from zinc. Washing 
down the interior of the houses with formaldehyde or emulsified cresylio acid solutions 
kills a number of the exposed mites — mainly mechanically, but the vapour of neither 
of these substances destroys many of those hibernating in crevices. As I have 
stated before^ the value of end of season measures is greatly reduced if delayed until 
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the majority of the mites have hibernated, and in the majority of cases many of the 
mites have left by the time the crop has finished. 

I will now deal with tomato-leaf mould. The control of tomato-leaf mould and 
the red spider mite are now interconnected in many instances. 

WhUst the maintenance of low atmospheric humidities checks the growth of 
tomato mildew the requisite conditions for this purpose are exceedingly dif&cult to 
maintain when nature wills otherwise, and chemical control measures remain of 
great importance. 

A great number of fungicides were tried, including dusting with sulphur, vaporising 
sulphur with special fumigating apparatus or by putting sulphur on the heated 
pipes, and spraying with lime sulphur or liver of sulphur. None of these were par- 
ticularly effective. Small tried a number of fungicides in conjunction with some of 
the modem synthetic wetting agents, which were found very effective in obtaining 
good wetting of the spore masses, and in 1930 suggested the use of ammonium copper 
carbonate solutions. Unfortunately this caused damage when tried on nurseries in 
1931 and in consequence other attempts were made to obtain a safer spray fluid. 

Bewley and Orchard reinvestigated the fungicidal properties of the sodium salt 
of salicylanilide, and finding this caused severe damage to tomato plants at effective 
fungicidal concentrations tried salicylanilide itself. They found a suspension of this 
very effective when used in combination with a proprietary wetting agent — ^Agral 1. 
Salicylanilide suspended to form a paste containing 50 per cent, of the active material 
is known by the trade name Shirlan H.B. — the name deriving its origin from tile 
Shirley Institute where its fungicidal properties were first investigated. The mixture 
recommended by Bewley and Orchard consisted of J fiuid oz. of Shirlan paste euud 
i oz. of Agral 1 to 1 gallon of water, and this gave good control of tomato-leaf mould 
with but slight marking of the fruit where drops collected at the blossom end. Soon 
after a more effective wetting agent, Agral N, was introduced, and this was substi- 
tuted for Agral 1 and half the quantity, i.c. J oz. per gallon employed with conse- 
quent diminution of the marking of the fruit. Other synthetic wetting agents have 
been tried and found equally effective, although very few proprietary wetting agents 
arc effective at the concentration recommended by the makers. 

This mixture of Shirlan and Agral N has also proved effective in the control of 
cucumber mildew, Erysiphe cichoramtrum, and mildew of the chrysanthemum, 
Oidium chryaanthemi. 

Unfortunately mildew and red spider very often occur together, and frequent 
sprayings are required to keep them under control. It was found that damage re- 
sulted when oil-emulsion sprays and the Shirlan mixture were applied within 10-14 
days of one another, and since sprayings to control either the red spider mite or 
tomato-leaf mildew require to be applied as often as once a fortnight, it is seen that 
other control measures for one of the two had to be found. 

The reason for the damage appears to be that salicylanilide is slightly soluble in 
petroleum oil, and the oil penetrates the tissues, taking with it salicylanilide which 
causes injury. The same trouble has been experienced, although to a less extent, 
when emulsified solutions of derris extract have been applied shortly after applica- 
tions of Shirlan. 

Previously a proprietary copper oxychloride suspension containing about 17 per 
cent, of copper had been tried in conjunction with a wetting agent as a control for 
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tomato and oaoumber mildews. This was found an effective fungicide, but marked 
both cucumber and tomato fruits rather badly and also hardened the phmts. 

Since petroleum-oil emulsion sprays have a softening effect on plants, a combina- 
tion of this oxychloride mixture and our standard oil emulsion was tried, and it was 
found that not only was the hardening effect on the plants eliminated but the marking 
of the fruit was much less and now unimportant. Furthermore, the fungicidsd action 
of the copper compound was increased. This is probably partly due to the slight 
fungicidal effect known to be possessed by petroleum<oil emulsions, but mainly to 
the increased retention of the copper oxychloride by the leaves. 

Other samples of copper oxychloride have been tried recently, but so far none 
of these has proved quite as effective as the proprietary suspension. How far this is 
due to differences in chemical constitution or to differences in particle size cannot 
be decided until further work has been undertaken, but in all oases a better control 
has been obtained where they have been used admixed with a petroleum-oil 
emulsion. 

So far all the petroleum-oil emulsions tried have given good results when used 
at the normal dilution recommended for the control of red spider with the addition 
of J fluid oz. per gallon of the copper oxychloride suspensions, but the possibility of 
oil emulsions containing substances which will render sufficient copper soluble to 
cause injury must not be overlooked. 

In connection with the application of these insecticide-fungicide mixtures it has 
been found that the best control is obtained where the spray is applied at really high 
pressure, up to 2001b. per square inch, using a medium-sized nozzle aperture. 
Furthermore the amount of spray fluid required to obtain efficient covering of the 
foliage is less than where low pressures and fine nozzle apertures are used. 

Many other substances have been tried in a combined insecticide and fungicide 
spray, for it is obvious that the ability to apply both insecticide and fungicide in one 
operation is of great value. Cuprous cyanide has been tried in combination with oil 
emulsions and found but slightly less effective than the copper oxychloride powders. 

Since all these mixtures leave slight deposits on the fruit, experiments have been 
made with oil-soluble substances. Emulsified 50 per cent, solutions of copper oleate 
in cotton-seed oil which had given promising results in experiments on the control 
of fungus diseases of the rose were tried but caused too much damage, in addition 
to which red spider mite was not killed. Cotton-seed oil emulsions were not effective 
at usable concentrations, and emulsified solutions of copper salts in petroleum oils 
caused injury and did not kill red spider mite, probably on accoimt of the high 
viscosity of such solutions. 

Petroleum-oil solutions of sulphur caused extremely severe injury in spite of the 
low solubility of sulphur in petroleum. 

A sample of copper naphthanate containing 12 per cent, of copper was also tried 
in solution in petroleum and glyceride oils, but again damage was not caused, although 
in this case solutions containing 20 per cent, of the copper compound had but very 
slightly greater viscosities than the oils themselves. 

From these tests with oil-soluble copper compounds it seems unlikely that 
petroleum oil-soluble compounds can be safely employed. 

Samples of the copper salt of salioylanilide were tried in combination with oil 
emulsions, but here again damage was caused. This was found due to the presence of 
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•aliojianilide in the mixture, for the oopper salt is insoluble in the petroleum oil used. 
Samples free from salioylanilide are being x>repared for further trials. 

Two devioee which render the vaporisation of sulphur much safer and enable 
larger amounts of sulphur to be vaporised than previously have been tried recently^ 
but although the mildew is checked by sulphur vaporisation the control obtained is 
not good and the plants are slightly damaged. Small tried a large number of sub- 
stances as fumigants for the control of tomato-leaf mould, and quinone, the most 
promising of these, has been tried on a larger scale. Quinone, however, has a low 
vapour pressure and condenses in minute cr3r8tal8 when evaporated from lamps which 
prevent good distribution. Also it has a strong flavour which is readily imparted to 
tomatoes. 


V. SOME IMPORTANT DISEASES OF GLASSHOUSE PLANTS 
By P. H. WnuAMS, B.Sc. 

Tub vast majority of the enquiries dealt with at the station in the course of a year 
are concerned with tomatoes and cucumbers. I shall therefore confine myself to 
diseases of those crops. 

Before discussing any of the problems in detail, however, I should like to point 
out that a particular disease may vary in importance from year to year. Before the 
War, tomato canker caused by THdipnella lycoperaicx was so widespread as to threaten 
the existence of the tomato-growing industry. Nowadays it is of minor importance, 
although a few eases occur each year. Even more striking is the way in which the 
cucumber leaf spots, caused by Collet otrirhnm and Cercospora have died out. In 1919 
the former was of primary importance; now it is so rare that I have never seen a 
specimen. In this case the adoption of a resistant variety. Butchers’ Disease Resister, 
was the main cause of the disappearance of these diseases, in conjunction with more 
thorough winter cleaning and the increasing use of sterilisation. No doubt the same 
practices have helped to reduce the severity of tomato canker. 

On the other hand, several diseases have become more important in the last few 
years. We used to congratulate ourselves that tomato foot rot caused by Rhizodonia 
sotani was found only in Guernsey and not in this country. Now it is quite oommon 
and sometimes causes severe losses. Virus diseases, too, have become more widespread. 

In recent years various forms of root rot have become very common in the tomato. 
Early in the year the roots of young pot plants are often brown with some decay 
and ihe plants themselves are stunted and “blue”. Very frequently the club-shaped 
spores of Thielaviopsitt haMcola are present in the brown tissue. Some 3rear8 ago I 
was able to show that this fungus is able to cause appreciable damage only when 
conditions are unfavourable to the growth of the plant. Thus periods of dull, cold 
wpather in the early part of the ye€U* are especially favourable to the development 
of this disease and if they persist the plants may die. Usually, however, the advent 
of brighter weather will enable the plants to grow away from the fungus which cannot 
keep pace with the production of new roots. Prevention is better than cure, however, 
and the use of sterilised soil will eliminate this disease. 

After planting out, plants may remain stunted and hard, and in such oases 
examination shows that most of the roots are completely rotten. In many oaaee 
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there are depressed ureas et the base of the stem indicating an abortive attack of 
foot rot. From the stem and roots we can isolate Phyiophikora 8p.» most frequently 
P. parasitica. In these oases, the use of Cheehunt compound when replacing diseased 
plants is usually of value, but sterilisation of the soil in the following winter may be 
necessary in serious cases. 

Later in the summer, generally about July, we begin to meet with rOot rot caused 
by CoUetotrichum atramentarium. In this disease the cortex of the root is destroyed 
so that the outer layers slough off. The fungus also invades the wood, and the charac- 
teristic sclerotia are formed both in the wood and the bark of the root. Frequently 
it penetrates the stem from the root causing a dark brown discoloration of the wood. 
Soil sterilisation is the remedy. 

More difficult to diagnose and treat are those oases where no definite parasite can 
be demonstrated, indeed it is often impossible to determine the cause of the trouble 
from examination of the specimens alone. Inspection of the crop and discussion with 
the grower are usually neoessaiy before coming to any conclusion. In most cases the 
primary cause seems to be cultural. 

In the early part of the season, planting in cold soil will give the plants a chock 
from which they take a long time to recover. The roots are killed or so weakened as 
to fall a prey to parasitic fungi. Where the soil is open and well drained the plants 
wdll gradually grow away, but in heavy, compact soils which are deficient in opening 
materials and remain cold and wet, the roots may never recover and the plants will 
flag and die as soon as the hot weather comes. In such heavy soils, too, incautious 
watering may lead to waterlogging with consequent suffocation of the roots. 

Remedial measures consist in the use of opening materials such as straw and peat. 
Straw, placed vertically against the side of the trench during trenching, seems par- 
ticularly good by providing channels through which air and water may reach the 
lower layers of the soil. Periodic steaming is also valuable, not only by destroying 
parasitic fungi, but by altering the physical and chemical properties of the soil. 
Ihiring the growing season, the plants may be encouraged to make fresh roots at the 
collar by mulching with straw manure or peat. Soil may also be used, but, if virgin 
turf is employed, there is a risk of wireworm in the following year. 

Before leaving the subject of tomato roots, I may mention a peculiar condition 
which is common; indeed it is found on almost every plant at the end of the season. 
The roots become swollen and the outer layers become corky and split. The length 
of root involved varies from half an inch to more than a foot. The cause of this 
condition remains a mystery. Some years ago I isolated a number of fungi and 
bacteria from such roots. A few were well-known parasites such as Fuaariuih ml- 
mofvm, but the pathogenicity of the remainder was very doubtful. Direct inoculations 
were unsatisfactoiy because of the difficulty of finding suitable roots on plants 
growing in pots, while the impossibility of keeping the soil free from contamination 
in experiments lasting several months ruled out soil inoculations. Inoculation of 
roots growing in the border seems to be the only method likely to lead to conolusive 
results, but up to the present this has not been possible. 

With ottoumber roots we have very much the same story as with the tomato. 
There isja definite disease caused by species of Fusarium, but in a very large number 
of oassB rotting of the tap root and side roots may be started by unsuitable soil 
conditions. The cucumber crop leads to the production of some substance in the soil 
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which is toxic to subsequent crops of cucumbers. This toxic substance is washed down 
into the base and accumulates there so that in time it becomes impossible to grow 
a satisfactory crop, for as the roots reach the base they die and start to rot. The rot 
spreads upwards, and even if the plant does not die it is crippled and the crop suffers, 
a large number of the fruit “damping off” or becoming “crooks”. The retention of 
the toxin is worst on heavy soils, and some improvement may be obtained by re- 
placing the base with a gravel soil from which the toxin may be washed out, in part 
at least, by flooding. Steaming removes the contamination and is the only real remedy. 
Formaldehyde and oresylic acid produce little benefit, showing that it is not a 
question of living organisms but of some chemical substance which is broken down 
by heat. 

Beds which are compact and ill-drained are also a common source of trouble. 
Whether the roots die from some purely physiological cause or are attacked in their 
weakened state by fungi and bacteria is still obscure. Improvement may often be 
obtained by resting the plants for a short period. The beds are allowed to dry out 
for a week or 10 days and the house ventilated while the foliage is maintained by 
damping. Then the plants are trimmed, the beds top dressed with a suitable compost 
and normal culture resumed. 

Another important group of diseases are those caused by viruses. The number of 
these is constantly growing. Fortunately, not all occur in this country, and of those 
that do only three are of commercial importance. 

From the growers’ point of view the most important tomato virus diseases are 
streak and yellow mosaic, since both mark the fruit and make it unsaleable except 
as “roughs”. Ordinary mosaic can cripple the plant and usually lowers the crop, but 
since the fruit is not marked we do not regard it as so serious as the other two diseases. 
Mixed virus streak also occurs occasionally, and when it does may be very serious. 

Spotted wilt has received a lot of attention, principally because of its wide host 
range. It is difficult to dwide whether it really is as important as some workers 
would suggest. Ortainly, where only tomatoes are grown, the grower need not 
fear it. Most of our specimens come from private gardens and mixed nurseries. 
Where tomatoes are grovTi as a late crop in houses used for raising bedding plants, 
there is undoubtedly a risk of infection if the tomatoes are planted out before the 
other plants have been cleared off. By keeping the tomatoes Imck a week or two, 
and fumigating to destroy Thrips and other insects in the houses before planting, 
growers who have suffered losses from this cause have been able to prevent arecurrence. 

In combating these virus diseases, the importance of using seed from clean jdants 
must be obvious. In streak, for example, the virus occurs in the seed coat and may 
quite easily be conveyed to a certain number of plants in the operations of pricking 
out and potting. Carrier plants are also known in certain of these diseases, and 
therefore the absence of infected seedlings does not mean that the disease is not 
present, for it may be latent and show' itself only later. 

Another source of infection which has been demonstrated recently is the tobacco 
in the commoner brands of cigarettes. Whether it is possible to make any use of this 
fact is another matter, for it is difficult to prohibit smoking by the workers. No doubt, 
however, some will take it to heart with benefit to their employers. 

If infected plants are noticed in the early stages of growth, they should be pulled 
out and replaced, or shoots from neighbouring plants may be trained up in their 
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places. Often, however, they remain mmotioed and consequently a large number of 
plants become infected. In these circumstanoes roguing out is not possible and we 
must rely on keeping the plants growing as vigorously as possible. Attempts may 
also be made to isolate infected plants by leaving them to the last when trimming, 
but success depends to a large extent on the individual worker. Infected plants 
should not be “stopped”. This is important, for not only may the disease be spread 
in the process of “stopping” but the shoot which grows out is usually weak in a 
diseased plant and does not bear much fruit. 

In the cucumber there are three virus diseases. Of these, green-mottle mosaic, 
though the commonest, does not do a lot of damage. The other two, yellow mosaic 
and yellow-mottle mosaic, mark the fruit and therefore are more serious when they 
occur. The evidence shows that the marking is most severe at high temperatures, 
and something can be done to diminish losses by keeping the temperature down. 
With yellow-mottle mosaic, there is also the risk that tomatoes may be infected with 
the production of fern leaf. 

Control measures as with the tomato consist of roguing and cultivation to promote 
a free growth. Seed transmission is important and at Cheshunt wo were able to free 
our cucumber stock from yellow mosaic by roguing out all diseased plants and saving 
seed only from plants which had remained healthy throughout the season. Now' 
seed is only saved from plants grown in a special house, and no virus disease has 
occurred from some years in our main cucumber crop. 

On some nurseries and even in particular houses on a nursery Botrytu may cause 
a lot of damage. In some cases it is almost impossible even to break off a leaf without 
Bolrytie growing on the ragged edges of the wound and thence penetrating into the 
Btem. Too high humidities, especially with a drop in temperature at night leading to 
deposition of water on the plant, seem to be the principal factors favouring infection. 
Adequate ventilation will do a lot to prevent it, and so will careful pnming. Diseased 
parts of the stem should be cut out and the exposed tissue rubbed with a piece of 
liver of sulphur or covered with a paste of the same substance. 

On the cucumber, the dead flowers which remain on the end of the fruit may act 
as a focus of infection. In one case which occurred this year, where infected flowers 
fell on to a leaf, a necrotic spot developed. In another case the fungus grew back- 
wards into the fruit. In the first case, spraying with a coUoidal copper compound 
was used successfully, for the grower was unable to maintain a sufficiently high night 
temperature to prevent a “sweating”. 

Various disorders of the fruit both of tomatoes and cucumbers may also be serious. 
I have already mentioned “damping off” of the cucumber fruit and the production 
of “crooks” as being associated with poor root action. In the tomato we have a 
number of different conditions due to manurial deficiencies emd other causes. Blotchy 
ripening follows an unbalanced growth due in most oases to a lack of potash, although 
shortage of nitrogen may sometimes be the cause. Somewhat similar is greenback, 
in which the tissue around the calyx remains hard and green when the rest of the 
fruit is ripe. This is due to overheating by the sun when the plant is short of potash, 
and often appears when too many leaves have been removed. There are also various 
forma of internal necrosis which seem to be related to the well-known blossom end 
rot. ^Aiey are usuaUy due to a temporaiy shortage of water during the time before 
real watering oommenoes and so are most common on the botton^ ^trusses, but it 
seems that any cheek in the steady growth of the fruit may produce this condition. 
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Die Fusarien. By H. W. Wollenweber and 0. A. Reinking. Pp. 
viii + 355, with 95 text-figures and illustrations. Berlin : Paul Parey. 
1935. Rm. 15. 

It may be said at once that the joint labours of Dr Wollenweber and Dr Reinking 
have given to mycologists and plant pathologists an authoritative treatment of first 
importance concerning Fusarium and Fumrium diseases. Die Fusarien marks the 
end of that long period during which this subject has been in a state of such hopeless 
confusion that few mycologists cared to tackle any aspect of it except in a most 
^neral way. No longer is it permissible for an observer to describe a species of 
Fusarium as he sees it, and, unable to find a corresponding description in the mass 
of scattered records, to apply a new specific name and so make confusion worse 
confounded. 

The work comprises two main parts: Fusarhua-Sysietnatiky obviously the work 
of Wollenwel)csr; and Fusarium’Paihalogie, equally oliviously the work of Reinking 
mainly. A third section of 21 pages covers the F umnum-Hynonymie iind -Homonymie, 
the volume bt'ing complett*d by a fully annotated index. 

The section Fmnrium-Systemahk shows the masterly handling which comes of 
many years of progressive work on the subject. The author has made it his special 
study, since, in association with Dr O. Appel, order began to emerge from chaos when 
the well-known Mouographie der Oatiany F nmrium was published in 1910. In 1931 
VV^ollenw'cber publislu^ the Fusanum’Momsjraphiey the first and only work of its 
kind, one primary object in which was the elimination of redundant specific names 
and synonyms. I'he successful development of this plan is demonstrated in the third 
si^ction of Die Fitsaneiiy which gives a list of more than KKK) synonyms, together 
with the modem rendering according to Wollenweber’s simplified nomenclature which 
reduces the group to sixty-five species, with fifty-five varieties and twenty-two sub- 
sidiary forms. I'hiH itself appears to bt' sulficiently formidable, but is as a flood of 
light in comparison with the gloom of the former so-called 1200 odd species and 
unlimited descriptions. The form of presentation of these synonyms is simpler and 
clearer than that adopted in Fusarium- Momtgraphie where such collected information 
was first published. 

In fact, this first section, Fusarium -Systemalikj is a revised and condensed version 
of Fusarium- Moucsjrapkxey with the addition of line-drawn figures illustrating the 
typical and ascigerous forms of most s})ecie8, and keys to the groups and subgroups 
of the species. These aids, together with the morphological data, will go far to assist 
the general mycologist to identify species encoimtered in diseased plants. Even so, 
identification may be neither simple nor sjx'edy without very considerable experience. 
I’his arises from the fact that in naturt' the environmental conditions are variable, 
and in Fusarium species there is more morphological variability arising from environ- 
mental differenct's than is to be found in most other fungi. If the investigator carries 
the organism into artificial cultures, very considerable variations may be induced 
according to the nature of the substratum. The variations may bo of such number 
and magnitude as to render experience the invaluable factor in identification. It is 
in no sense an adverse criticism to point out that IHe Fusarien gives no assistance in 
these respects; not one volume but many would be required to deal with such aspects, 
all of which goes to show that identification of difficult or variable forms still remains 
for the experienced specialist. However, as a concise, well-illustrated, and perfectly 
systematised view of the species of Fusarium y this part of Die Fusarien is likely to 
remain the standard work for many years to come. 

Ann. Biol, xxm 
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The second main part of this ^FxtMrium-Paihol^t, is a new departure in 
the literary presentation of Fusarium diseases, though similar in plan to a number 
of American publications. Plants are named in alphabetical order, and for each is 
given a description of the disease or diseases caus^ therein by Fuaarium, together 
with a bibliography of publications bearing on these diseases. That such an extensive 
range of investigations and results should be summarily written in 174 para, and 
compiled up to 1934 in a work published in 1935, is a tribute to the care and labour 
that the authors have devoted to this publication. Plant pathologists in general have 
long considered that few or none of the species of Fusarium show any marked 
specialisation toward host plants, and that the group as a whole comprises forms 
parasitic on a very wide range of vegetation. The view is amply substantiated by this 
collection of Fusarium diseases under the heading of host plants. The latter range 
from algae and fungi to coniferous and broad -leaved trees, including plants of 
economic importance and ornamental value, from temperate to tropical regions. The 
authors deal with more than a hundred kinds of plants on the lines mentioned; of 
these, Brassicae, Qossypium^ Lycopersicum, Musa, Solanum and Triticum are dealt 
with rather more fully than others. Brief mention is made also of Fusarium diseases 
of animals, the hosts ranging from nematodes to mammals, and to Fusarium in dairy 
products, water, sewage, etc. The verbal descriptions are exemplified by nearly fifty 
well-produced photographic illustrations, mainly cuUed from original investigations. 

Control measures such as warm water treatment of seeds, the use of mercurial 
funmeides, and resistant varieties are mentioned where appropriate but not described 
in detail. Knowledge of this aspect is but fragmentary, and many years of investi- 
gation work will be required to make it anything like complete for a group of diseases 
of such extensive range and complexity. 

In the Fusarium -Pathologie section causal species of the diseases are named. As 
is so frequently encountered in practice, several species may be involved separately 
or together in a disease; to quote a simple instance, the authors describe for Dianthus: 
“Wilt (F. dianthi); foot or stem rot (/. cuhnorurn, avena^um, sparotrichioidts, scirpi 
V, acuminatum, etc.); bud rot {F, poae, reiiculatum, avenaceum, tricinctum, etc.).” 
The advantage of having the morphological characters of species so accessible in 
the first section of the book is obvious. As mentioned above, the plamt pathologist 
will still have to overcome certain difficulties as regards identification. 

To sum up, if plant pathologists will recognise the fact that there is no “royal 
road” to the full elucidation of Fusarium problems, they will the better appreciate 
such a well-ordered guide as is provided by Die Fusarien. It is a guide to the solution 
of problems, produced with scientific accuracy by workers who have had special 
experience of them, and no up-to-date mycologist or teclmical plant pathologist may 
omit it from his library. In fact he should thank the authors for giving him the 
benefit in such useful form of so many years of unremitting toil and care. 

F. T. BENNETT. 


Biological Processes in Tropical Soils, By A. Steven Corbet. Pp. 
xiv + 156, with 16 Plates and 10 text-figures. Cambridge: 
W. Heffer and Sons, Ltd. 1935. Is, 6rf. 

Dr Corbet’s book has special reference to rubber-plantation areas in Malaysia 
where the author was sometime Bacteriologist to the Rubber Research Institute. It 
contains chapters dealing with : I, the geography, geolo^ and climatology of Malimia ; 
II, the plant life of Malaysia; III, the soil fauna; 11^ soil micro-organisms; V, the 
ba^te riaj growth curve; VI, the soil organic matter; VH, the nitropn cycle; 
Vlil, Jenny’s Law; and IX, some practical considerations, such as the burning of 
cleared land, leguminous cover plants, natural covers, the effect of fertilisers on the 
soil, and garden soils. Each chapter is summarised and followed by references. There 
is an Appendix containing methods for soil examination, classification of bacteria 
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uid fungi, simple conversion factors and a brief bibliography. The book closes with 
author and subject indexes, an index to animals and an index to plants. 

This little b<x)k covers a very wide field, and not only is it an interesting attempt 
to apply modem 8oil>microbiological research to the problems of a wet tropical area, 
but it also contains valuable and suggestive material. On the other hand, the book 
is unequally balanced, much of the content is elementary or inadequate and, in many 
places, the scientific foundations will hardly bear the superstructure the author builds 
li^n them. It is a great pity that the author did not submit his manuscript before 
publication to workers with special experience in certain of the more scientific 
problems he considers. WILLIAM B. BRIERLEY. 

Problems in Soil Microbiology. By D. Ward Cutler and Lettice M. 
Crump. Pp. vi4-104, with a map, 18 text-figures and 32 tables. 
London: Longmans, Green and Co. 1935. 95. 

This book, which incorporates the substance of a series of lectures given at 
Aberystwyth, is based on researches carried out in the General Microbiology Depart- 
ment of tne Rothamsted Experimental Station by the authors and their colleagues. 
As the authors state in their preface, it is in no sense a text-book of soil microbiology 
and its title is somewhat misleading in that it gives the impression that the book covers 
a much wider field than is actually the case. A more accurate title would have been 
“Some Problems of Soil Bacteria and Protozoa.” 

Chapter i is introductory and is a very general consideration of the soil as a 
suitable homo for micro-organisms. Chapter ii is devoted to the bacterial population 
under field conditions, emphasis being laid on bacterial adaptability and vereatility. 
In Chapter lit the relation of bacteria to nitrite is discussed and attention is drawn 
to the fact that numerous bacteria are able to interfere with the nitrite part of the 
so-called nitrogen cycle. Chapter iv de^ls with carbon dioxide production by soil 
and the difficulty of classifying bacteria by their behaviour on carbohydrates. 
Chapter v contains an accoimt of the growth and encystment of protozoa imder 
pure cultural conditions in relation to physical factors and food supplies. In Chapter vi 
the same problems are discussed but in relation to protozoa in the soil, and there are 
some interesting speculations on the vital rhythms shown by soil micro-organisms. 
Chapter vn is devoted to a consideration of the interactions between the soil organis m s 
and, apart from the bare inclusion of the w'ord “fungi” on p. 7, this is the only 
chapter in which the fungi and algae are even mentioned. The book closes with a 
“list of literature cited” which shows several interesting features: of the fifty 
references twenty-seven are Rothamsted publications, no citation is taken from 
Soil Science.y and there is no mention of the work or names of Waksman and his 
associates. It must have been very" difficult to write a book on ‘ Problems in Soil 
Microbiology” without mentioning Waksman. The book is simply and clearly written 
and is a record of personal researches which any Institution might well be proud to 
father. There is, however, the grave danger that readers lacki^ a background of 
a more general knowledge of soil microbiology’’ may acquire a distorted persp^tive, 
namely, that protozoa are really important soil organisms, followed by bacteria and, 
in the dim distance, by fungi and algae. Even in their final chapter the authors do 
practically nothing to suggest a more balanced perspective. 

The book is one of the Rothamsted Monographs on Agricultural Science and its 
price seems rather high. WILLIAM B. BRIERLEY. 

Limnology. By P. S. Welch. Pp. xiv + 471. with 46 figures and 53 tables. 
London: McGraw-Hill Publishing Co., Ltd. 1935. 30s. 

Owing to our comparative lack of extensive inlan d waters “limnology , as a 
branch of science, has received little attention in Great Britain. A certain amount 
of research is carried out under the aegis of the Ministry of Agriculture and Fisheries 
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in relation to fresh-water fisheries, and under the Department of Scientific and 
Industrial Research in relation to water-pollution by industrial eflSuents. Valuable 
knowled^ has also accrued from the inyestigation of Lake Windermere. The six- 
volume Bathymetrical Survey of the Scottish Fresh-uxUer Lochs issued by Sir John 
Murray and his associates in 1910 is, of course, a landmark in the science but, since 
that date, practically the only book on the subject published in this country is 
Carpenter’s Life in Inland Waters, 1928, and this deals almost entirely with the 
fresh-water fauna. In the U.S.A. and in European continental countries, more 
especially of recent years in the U.S.S.R., where inland waters are of great importance, 
limnology is in a highly active condition. In Russia alone there are over thirty 
stations contributing to hydrobiological research. Good general treatises in English 
have been conspicuously lacking and, although in the U.S.A. there have been pub- 
lished Ward and Whipple’s Fresh Water Biology, 1918, and Needham and Lloyd’s 
The Life of Inland Waters, 1930, a text-book of “limnology” has not so far been 
available. The present volume has, therefore, something of the nature of a pioneering 
venture in which the author has hod to face the difficulties inherent in the composition 
of a general text-book in a new and largely uncharted territory. 

The work is divided into five parts. Part i is preliminary to the rest of the book 
and deals with various introductory matters; the extent, distribution and dynamics 
of standing and running waters; and the origin and diversity of lakes. Part n com- 
mences the more serious portion of the book, and is devoted to a detailed consideration 
of the physical and chemical conditions of fresh-water environments. It is the best 
short survey of this subject I know . Part in commences the biological portion of 
the book and contains chapters on the influence of ph^Tiical and chemical conditions ; 
the organisms found; plankton; bacteria, fungi and non-plankton algae; higher 
aquatic plants and their limnological significance; nekton; benthos; and a final inter- 
esting chapter on biological productivity. Part iv is devoted to special types of 
standing-water environments, such as ponds and bog lakes, wffiilst Part v deals with 
running- w^ater environments. 

It will be seen that the author has used the term “limnology” in its widest sense 
and, although he gives far more attention to standing than to running waters, this 
balance merely reflects the present state of knowledge. The author’s approach is 
through a study of the physical and chemical factors of fresh-water environments, 
which are reviewed and given a limnological bearing before the biological phenomena 
which involve them are considered, and in his treatment he assumes a knowledge 
of the elements of physics, chemistry, botany and zoology as a background in the 
reader’s mind. He confines himself to a consideration of data and principles and 
proposes to deal with limnological methods and practices in a further vohune now 
in preparation. 

The book is simply and clearly written, and the author has collected from widely 
scattered sources an immense number of data which he marshals in logical sequence*. 
The work is definitely stronger on the physico-chemical side than on the biological 
side, and it is weakest in its discussion of floristic aspects. Without illustrating by 
extensive quotation, one may point to Fig. 38 where “N-fixing molds ” and “N-fixing 
algae” are given equal place writh “N-fixing bacteria” in the nitrogen cycle, or to 
Chapter x where bacteria are stated to be fungi. 

A valuable feature of the work is the classified bibliography, running to fifty-five 
pages, which, although not complete, is a splendid guide to the modem literature 
on the subject. One may perhaps hope that when a second edition of the work is 
called for, the author will strengthen and amplify his treatment of the more purely 
biological aspects of limnology and also take more note of work in soil, effluent and 
industrial microbiology and microbial ph 3 r 8 iology which has important relationships 
to life in inland waters. One must not, however, look a gift-horse too hard in the 
mouth. In so far as it goes the book is a notable achievement, and Prof. Welch is 
to be congratulated on the production of a volume which must have a lasting influence 
on the development of the science. 


WILLIAM B. BRIERLEY. 
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Plant Viruses. By Kenneth M. Smith. Pp. 107. London: Methuen 
and Co., Ltd. 1935. U. 

The author 8tat<*8 that the aim of this book “is to bring to the notice of workers 
in other branches of science, and particularly botanists and entomologists, some of 
the more interesting and important facts of the study of plant viruses. In their 
study lie problems of fundamental biological importance, such as their affinities with 
enzymes, their intimate relationship with the living cell, their curious and interesting 
association with insects, and finally the possibility that they may represent a new 
and simple form of life”. The liook is a suggestive summary of modem research into 
virus problems and should fulfil the author’s aim. 

The book opens with an introductory chapter dealing with the history and 
characteristics of plant virus di8€‘a8e8 with comments on the chief diseases in various 
countries, their increase and economic importance. Chapter n, on the technique of 
plant vims study, gives brief details of glasshouse technique, methods of experi- 
mental transmission, the culturing of insect vectors and the separation of viruses in 
a disease complex. The constructional rletails of insect proofing of glasshouses and 
notes on grafting methods 8(*em out of place in such an essay as this. Chapter m 
describes natural modes of transmission by seed, soil, vegetative propagation of 
infected parts, and by insects, and discusses the factors governing spread in the 
field. The chapter clos<*s with a very brief account of Smith and Bald’s startling 
work on tobacco neenwis, which opens up new avenues in virus study. Chapter iv 
discusses problems ndating to the virus in the host 8U(‘h as symptoms and a:-bodies, 
local lesions, and the controv'ersial subject of virus movement. In Chapter v the 
virus outside the plant is considered!, including an account of physical properties, 
tissue culture, partielc-size of viruses and purification of virus suspensions. Here 
again the detailed formula on p. 56 seems out of place; it in no way contributes to 
the argument and any worker requiring it would consult original papers. Chapter vi 
is devoted to the virus in the insect vector. This is an admirable and suggestive 
account and one’s only criticism is that Fig. 9 is unnecessary or could easily have 
been rtducefl and fitted into p. 60. ChapU*r vn deals with immunity and serological 
studies, and Chapter vni with the difficult and controversial problems of the nature 
of viruses and their classification. Chapter ix discusses the control of virus diseases 
and the author seems distinctly optimistic of the finding or breeding of resistant 
varieties. His suggestion, however, that spotted wilt of tomatoes should be made 
a notifiable disease seems a little surprising in view of its widespread existence in 
the tomato an<l its occurrence in so many other horticultural plants. Chapter x is 
a brief but inU'ri'st ing comparison of plant and animal viruses. The book closes with 
a bibliography of 105 references “selected as being representative of the main lines 
of plant virus re8e4irch ’’ and an index. There are nine text-figures. 

The vTiting of the book shows a certain amount of ri'petitive phrasing and gives 
one the impression of having Ix'en put together in haste. The book is, however, a 
good survey within its particular field and should be useful to students. 

WILLIAM B. BRIERLEY. 


Heredity and the Ascent of Man. By C. C. Hurst. Pp. ix + 38 , with 
9 text-figures. Cambridge University Press. 1935. 3s. fid. 

The author states that “the object of this little book is to provide the general 
reader with a popular epitome of recent research in genetics in so far as it is concerned 
with the origin, evolution and ascent of man”. The chapters deal with The mystery 
of life; The laws of heredity; The gene, the origin of life; The gene complex; How 
evolution progresses; The nature and value of sex; The experimental creation of 
new species; The ascent of man and mind; The future of man and mind. It is not 
easy to discuss these subjects briefly in simple langua^ and, here and there, the 
author makes generalisations and statements with which many workers will not 
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agree. Also there are occasional statements into which it is difficult to read any 
meaning, e,g, ''The super-kingdoms of Matter, Life and Mind may be regarded as 
species writ large in time and value in the course of creative evolution.** When 
Dr Hurst says, "In the light of the gene we no longer see through a glass darkly, 
and the old-time problems of heredity, variation, sex and species appear as clear as 
crystal”, he will leave ninety-nine out of every hundred biologists envying his vision. 
The book is a brave attempt but one to be recommended with caution. 

WILLIAM B. BRIERLEY. 


A Text-hook of Mycology, By E. A. Bessey. Pp. xv-f 495, with 139 text- 
figures. Philadelphia: P. Blakiston and Co. 1935. $4.00. 

The preface of this volume opens with the statement: "The author’s experience, 
both as a teacher of classes in mycology for twenty-four years, and as a student and 
teacher of plauat pathology, has convinced him that no satisfactory text-book of 
mycology is available in the English language. G&umann-DodgeA Comparative 
Morphology of Fuiigi^ while excellent as a reference book and indispensable for 
advanced students of m^^cology, is too detailed for use in a first year course in the 
subject.’* The excellent smaller text-book by Gwynne- Vaughan and Barnes is 
apparently unknown to the author. If one compares these three text- books as 
regards comprehensiveness and detail of treatment Besaey’s work falls between the 
other two. Gwynne- Vaughan and Barnes include about 700 species and genera, 
Bessey about 1000 and Gaumann and Dodge about 2000, but the quality of Bossey’s 
treatment more resembles that of G&umann and Dodge than that of Gwynne- Vaughan 
and Barnes. All teachers will agree that Gaumann and Dodge’s book is indispensable 
for advanced students but many may consider that the present volume is rather 
too detailed for use in a first-year course in the subject. The book contains nearly 
500 tightly packed pages and it would not be easy to omit certain chapters or parts 
of chapters, as the author suggests, without destroying the symmetry of the work. 
As it stands many first-year students of mycology will find it a little indigestible, 
although the writing is so clear that really good students will meet with no difficulty 
in assimilating it. 

The author states that "This book is not a text- book of the physiology of fungi, 
hence the physiological aspects are subordinated to the morphological, ontogeneticaJ, 
and systematic features." Not only the physiological but all the more general bio- 
logical aspects are practically omitt^, the only concession made by the author being 
the inclusion of brief considerations of the genetics of fungal sexuality. A more 
accurately descriptive title for the volume would have been "Comparative Morpho- 
logy of EHin^ in Relation to Systematics”. In many ways it is a tragedy that 
academic "Mycology” remains so purely morphological and lacking in physiological 
and bioloncal content. A really "satisfactory text- book of mycology” would surely 
consider femgi as living things, with vital functioning and environmental relation- 
ships: form and structure are only two fragments of mycology. As a description of 
these fragments however the present book is an admirable statement. 

Following a short introductory chapter the author works steadily through the 
non-filamentous fungi, phycomycetes, ascomyoetes, rusts and smuts, basidiomycetes 
and imperfect fungi. It is all very well done and without going into considerable 
argumentative detail there is little that one c€ui say about it. One may perhaps 
welcome the erection of a separate class "Teliosporeae” for the rusts and smuts. 
Throughout the volume the influence of the work of G&umann and Dodge is evident, 
although the author differs considerably in many of his points of view, and in his 
treatment of the phycomycetes he has obviously been i^uenoed greatly by Fitz- 
patrick, The imperfect fungi are, for a text-book of mycology, unusually well dis- 
cussed, some nineteen pages being given to them against four in GAumann and 
Dodge’s volume and two in that of Gwynne Vaughan and Barnes. The author’s 
treatment of this class is partly based upon the wo» of H. P. Bender who, in 1931, 
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presented to Yale University a Thesis on the Fungi Imperfecti running to some 2000 
pages. It seems a great pity that this work remains unpublished. 

As is well known, Prof. I^ssey has for long been interested in phylogenetic speou* 
lation and, throu^out the book, his personal views find frequent expression, although 
other views are given fair mention, and the author is willing to admit difficulties in 
some of his own. His morphological attitude leads him to give an impression of 
specffio rigidity and definiteness, reminiscent of the herbarium mentality, which to 
many fun^ geneticists may be just a little alarming. Save in the fungi imperfecti 
the behaviouristic difficulties in the classification of many fungi are rarely empha- 
sised. Also the author makes occasional statements which may surprise plant p>atho- 
logists, e.gr. (p. 219) that '' Sphaerotheca mors-uvae on the Gooseberry (G^sidaria) is 
confined almost exclusively to the berries”, ^till, as Prof. Bessey remarks (p. 1^). 
“An investigator, with the best will possible, is apt to interpret what he sees in the 
li^t of what appemrs to him to be the most logical series of events” and (p. 182) 
“Previously held views unconsciously affect the interpretation of the things seen”. 

Each chapter in the book is followed by an adequate bibliography and, although 
this is a very minor criticism, on looking through these one feels that perhaps “local” 
American work is rather over emphasis^ and English work insufficiently mentioned; 
the author is obviously familiar with European continental researches. The last 
chapter, 76 pages, consists of a “Guide to the Literature for the Identification of 
Fungi” which is based upon a similar guide Prof. Bessey published many years ago 
in the 21^ Report of the Michigan Academy of Science^ and this, brought up to date 
in the present book, is a very useful compilation. It is of course already a little 
behind the times but, as a guide which one can annotate in a personal copy of the 
text-book, it is valuable. A feature of all the author’s citations is that titles and 
other data are given in full or in easily comprehensible form although, with the World 
List of Scientific Peruxlicals to hand, this is not so important as it might otherwise 
have been. 

The book is illustrated by 139 excellent figures which, with few exceptions, are 
either original or taken from recent work and, although one may lament the passing 
of old friends, one must commend the author on his choice. The book closes with an 
adeq^uate Index. 

For the ordinary botanical student I am not sure that a new^ and revised edition 
of G Wynne- Vaughan and Barnes’s text- book might not still hold the field as an 
introduction to the subject but, for students who intend to become plant pathologists 
and who need a more thorough grounding in mycology than the ordinary botanical 
student usually receives, Prof. Bessey’s volume is strongly to be recommended. It 
is an admirable mid-way guide to the study of the morphology, sexuality and syste- 
matics of the fungi and, as such, it meets a real need. 

WILLIAM B. BRIKRLEY. 


The Arachnida. By T. H. Savory. Pp. xi + 218; 8 plates. London: 
Edward Arnold and Co. 1935. 25s. net. 

Although the Arachnida have received their fair share of attention in natural 
history books, and indeed have by no means been neglected by zoologists in general, 
there are very few text-books devoted solely to the class and this new work should 
fill an evident gap. The subject is treated primarily, although not wholly, from 
morphological point of view. Sufficient information is given on the systematic side 
to enable the student to classify his specimens into families or subfamilies, and useful 
maps showing the geographical distribution of the different Orders and in some 
cases families are provided. There are also useful chapters on fossil Arachnida and 
on the “doubtful” Arachnida such as the Pycnogonida and Tardigrada. The author's 
treatment of these latter groups and his brief account of the Trilobita is much to be 
commended since it enables him to refer to the jx)ints in which they show Arachnid 
affinities, without confusing the reader or admitting them as members of the class. 
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A peculiar but nevertheless not unwelcome feature of the book is the addition 
to most of the chapters of a short essay, or essay in summary, which the author 
designates ^ an “excursus**. Various subjects more or less related to the study of 
the Araohnida are dealt with in this manner, and the reader will be able to remind 
himself of zoological topics ranging from GaskeU’s ingenious hjrpothesis of the origin 
of the vertebrates to the odd story of the mythical Gibbocellum. A chapter is pro- 
vided on “economic arachnology” which, although brief, will at least give the reader 
who is not an applied biologist some idea of the economic importance of the class. 
The book also contams good indices and a useful list of references, not only to original 
works but also to works in which more extensive bibliographies may be found. The 
illustrations are good and the general make-up and printing excellent. 

As a whole, the work will perhaps commend itself most readUy to the student or 
post graduate who is working for a higher degree in zoology and no less to his super- 
visor. To the applied biologist the value of the work, apart from its purely scientific 
intent, will probably be found in the fact that it will enable him profitably to 
remind himself of much that he once knew (or at all events was once taught) but has 
now forgotten: and it is surprising how often those whose practice is most closely 
confined to applied zoology nevertheless meet with questions involving the more 
academic aspects of their subject. In only one respect must the reviewer presume to 
differ from the views set forth in the book, and this curiously enough arises from the 
opening sentences of the preface. The author remarks that his purpose in writing 
was to attempt to give to arachnology something of the unity and status of the 
individual sciences possessed by entomology, and he concludes by saying that there 
“has long been a natural dominance of entomology over most other branches of 
zoology”. To an entomologist brought up in the old traditions of zoology, the division 
of the major subject into a number of separate and often disconnected units, each 
with a distinct and formidable terminology understood only by the specialist, is rather 
disqmeting. Is there any reason why entomologists should not study the Anachnida? 
Applied entomologists cannot avoid doing so, and probably more field work on the 
Arachnida is carried out by “entomologists” than by any other group of zoologists. 
Also, is it true that entomology (restricting the term to the Insecta) has long 
dominated other branches of zoology? In applied zoology this may be the case, but, 
at least until quite recently, the Insecta were deplorably neglected in the average 
university course of zoology, and even the Arachnida came in for better treatment. 
The fact, however, that little sympathy is felt for the author's views on these par- 
ticular questions in no way detracts from the real value of the book, and these few 
remarks may be treated as an “excursus”. Most reviews, like scorpions, have stings 
in their tails ! , „ ^ 

J. C. F. FRYER. 


Garden Science, By John Grainger. Pp. 265, 110 figures. London: 
University of London Press. 1935. is, Gd. 

Among the thousands of gardeners, professional and amateur, in this country 
there must be hundreds who have had no scientific training but who would like to 
know somethii^ of the principles of plant behaviour, and the reasons for the methods 
used in gardening practice. They will find in this book a readable and concise account 
which will give them a new interest in the plants with which they deal and a better 
understanding of the theory underlying the art of horticulture. The author’s associa- 
tion with the teaching profession has led him to cast the book into a form suitable 
for u^ by teachers of elementary science in schools, and suggestions are made for 
experimental demonstraticms, some old, some commendably original, suited to the 
young idea. 

The first four chapters comprise an excellent brief account of the physiological 
processes of plants, with Ulustrations drawn from horticultural practice. As would 
be expected from one associated with Prof. Priestley’s school, much consideration is 
g^ven to the ph5^iology of vegetative propagation. This is all to the good, for informa- 
tion on this subject has so far been available only to those with access to the origina 
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literature. In suoh small space as these few chapters it is impossible to avoid some 
errors in clarity, but if an amateur reading p. 140 attempt^ to prune a Lonicera 
and a Philadelphiia in a similar manner to a Hydrangea hortensis he would un- 
doubtedly be very disappointed with the results in the following season. 

Chapters vi, vn and vni, comprising nearly a third of the whole book, deal with 
the diseases and pests of plants. There are so many books, large and small, available 
on these subjects and so few on physiology as applied to horticulture, that one would 
almost have preferred to see this left out and the main part expanded. Nevertheless 
the account of diseases and pests is succinct and useful, and will form a guide to 
procedure for those in trouble with attacked plants. 

An appendix dealing with experimental method will doubtless be revised in 
future editions ; the advice given is good sa far as it goes, but is altogether too brief 
to be of much use, and in any case the modem replicated experiment such as the 
Latin Square layout is hardly suitable for the school garden. Further, a Latin Square 
experiment in which the suras of the separate rows and columns were all equal would 
be a truly astonishing occurrence. On such uniform soil replication would .serve no 
useful purpose. 

These criticisms are, however, small compared with the undoubted interest and 
value of the book to the horticulturist and to the first-year student. 

R. H. STOUGHTON. 


Plant Physiology. By Meirion Thomas. Pp. xii + 494, 57 figures. 
London: J. and A. Churchill, Ltd. 1935. 15s. 

A new book on plant physiology is always sure of a welcome. Even if it contains 
little that is new or expounds no new and original theory the methods of approach, 
or the bringing together of known facts in a different conjunction, can be stimulating, 
or even provide in an indirect manner new clues to workers in specialised fields. It 
is true that text- books are not written for the research worker primarily, but the 
wise specialist will take note of the new text-books, for it is only by the aid of these 
condensed forms that he can manage to keep abreast of developments outside his 
own particular field. 

The author of the present volume has no special axe to grind; he is at pains only 
to present in a logical and clear manner the basic principles of the functional pro- 
cesses in plants, to outline the theories of other workers in explanation of these 
principles and to suggest the nature of some of the outstanding problems which still 
confront the plant physiologist. The approach to the subject is along the lines of 
the classical ph^^iology, the intimate study of the biochemical and bio-physical 
mechanisms involved in the individual functions. The integration of these functions 
which results in the growth and development of the plant receives little attention, 
and the physiology of reproduction is not touched upon. As a consequence the whole 
field of the influence of the environment upon plant behaviour is left out of con- 
sideration except in so far as the components of the environment affect the separate 
processes. 

The book is therefore a text-book in the most restricted sense of the word and 
its use by students is open to the danger of presenting too narrow a view-point to 
the minds of those who have not yet developeti the critical faculty and the power 
to “see a subject and see it whole”. In this respect it belongs to the class of the 
older school of morphological and taxonomic botany. This is not meant as a criticism 
of the book; the author’s avowed purpose and his recognition of the omissions are 
clearly set out in the preface. Within the limits which he sets himself the volume 
will be a valuable reference and class book. 

The book is divided into four parts. Part i deals with the physical and chemical 
activities of protoplasm and the nature of enzyme action. Part n is concerned with 
absorption, translocation and transpiration. Critical consideration is given to the 
work of Mason and Maskell on translocation of solutes, but little attention is paid 
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to the researohes of Loomis or Curtis on the upward movements of solutes in the 
phloem and the work of Biroh-Hirsohfeld is not mentioned. Nutrition and meta> 
holism are dealt with in Part in and, m would be expected from the author's own 
speoiedisation, the chapter on respiration is particularly well done. Part iv, on growth 
and movement, has obviously presented the greatest difficulty in deciding what to 
include and what to omit. Keoent work on plant hormones is treated clearly and 
succinctly, but the possibly related subject of dormancy of seeds and buds might 
with advantage have been expanded. The book concludes with two appendices on 
the chemistry of metabolic processes and notes on physical chemistry respectively, 
and the separation of these parts from the general te:^ will be found usera by the 
student. 

A well-selected bibliography of 163 citations and 6ui author index add to the 
value of the book to advanc^ students. 

It is to be hoped that in future editions it will be found possible to include the 
matter dealt with in footnotes in the main text. Footnotes occur on more than half 
the total number of pages and constitute a continual irritation in reading. 

R. H. STOUGHTON. 
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STiDject, mamry in reianon to numan ana veterinary neimmtnoiogy, i 
propose to say something on its history and growth and then to turn 
to the consideration of a few of its applied biological aspects in problems 
of agriculture and horticulture. Finally I shall draw your attention to the 
almost total lack of facilities for instruction in the subject at any of our 
centres of higher education. 

Relation to human and veterinary helminthology 

Any attempt to separate the free-living and plant-parasitic nema- 
todes from the general body of the Nematoda so as to constitute them a 
distinct phylum, as was made by the late Dr N. A. Cobb in his paper, 
“The orders and classes of Nemas” (1919), is, I think, to be deprecated. 

Ann. Biol, xxni 14 



204 Problems Relating to Plant-Parasitic Nematodes 

A nematode is a nematode whether it lives free in soil or water or 
parasitic in animal or plant. For this reason I want to say something on 
the relation of the subject to that wider field of parasitology which 
embraces the study of the worm parasites of man and animals. Human 
and veterinary helminthology are old sciences covering a much greater 
range of parasites than those met with in the study of eelworms. They 
include within their purview the Platy helminths or flatworms, which 
comprise the Trematoda or flukes and the Cestoda or tapeworms as well 
as the Nematoda or roundworms. We are concerned only with the 
Nematoda which, as parasites of man and animals, includes at the 
present time a pretty formidable array of genera and species which, 
though exhibiting great diversity of shape and size are yet readily 
recognisable as possessing certain common structural features. This 
enables us to group them in a fairly compact and self-contained class with 
certain distinctive characteristics. It is, in fact, this very uniformity of 
structure and anatomy amongst the Nematoda that renders it difficult to 
find any grounds of support for the attempt to separate the free-living 
and related forms from those parasitic in animals. 

Let me say a few words on the antiquity of knowledge of the worm 
parasites of human beings. According to Faust’s book. Human Helmin- 
thology, it is in the Ebers Papyrus of the sixteenth century b.c. that the 
earliest record of a helminth considered as a pathogenic organism is to be 
found. It is impossible to say whether the worm in question was a tape- 
worm or a roundworm, but symptoms were attributed to its presence in 
the bowels and a remedy advised for its expulsion. The Chinese in ancient 
times were acquainted with the use of certain vermifugal remedies. 
Moses, who doubtless obtained his knowledge from Egyptian priests, laid 
down laws of sanitation and hygiene to be observed by the Hebrews. In 
all probabihty the fiery serpent which attacked the Israelites in the wilder- 
ness of Sinai was none other than the guinea worm, Fullebornius {Dracun- 
culus) medinensis, sometimes called the dragon worm, the long female of 
which gives rise to a swelling on the foot, ankle or leg which, on rupturing 
in water, sets free the larvae of the parasite. We may perhaps recognise 
in the method employed even to-day of extracting the parent worm by 
winding it out a bit at a time on to a stick a likeness to Moses’s winding 
the serpent round a rod. It is also reasonably suggested that the separa- 
tion of animals into “clean” and “unclean” as laid down in the early 
books of the Old Testament was on the basis of those free from or infected 
with parasites. Coming to later ages, Faust also tells us that the oldest 
record of the Christian era of interest to helminthologists is that of 
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Avicenna, an Arab physician who lived between a.d. 981 and 1037. He 
described four kinds of worm parasites of man, three of which were 
nematodes. In each case symptoms are given and vermifugal remedies 
prescribed, such as santonin and extract of male fern, which are in use at 
the present day. 

Further progress in our knowledge of the nematode parasites of man 
and of domestic animals had to wait till post-Linnean times. Linnaeus 
listed four nematodes from humans in his Sy sterna Naturae (1758-67), but 
gradually other parasites of man and animals were recognised though the 
working out of their life histories is mainly the result of researches con- 
ducted in much more recent times. 

I turn for a moment or two to illustrate the relation of free-living 
nematodes to those parasitic in man and animals to re-enforce my point 
that the subject should be considered as a whole. There are two nematode 
parasites of man, namely, Strongyloides stercoralis and Ancylostoma 
duodenale, both of which pass through developmental stages outside the 
host in faecal matter. The eggs of •Strongyloides stercoralis give rise to 
larvae which, under certain circumstances, develop into small eel worms 
consisting of male and female forms. After copulation the females lay 
eggs which produce larvae and these, instead of repeating the sexual 
generation, remain as slender, filariform larvae capable of infecting 
through the skin. The free-living sexual males and females can easily be 
confused with saprophagous free-living eelworms and in fact were at first 
classed as belonging to an old genus, Anguillula, which has served as a 
sort of omnium gatherum for many forms whose affinities have been 
obscure. Looss (1911, pp. 216-19 and 365-6) paid close attention to this 
matter of the possible confusion of free-living nematodes with develop- 
mental stages of a parasitic form in his researches on the human hook- 
worm, Ancylostoma duodenale. This parasite lives in the small intestine 
and produces eggs which pass out in faeces where, on hatching, they give 
rise to what are termed rhabditiform larvae, so called because the mouth 
cavity and the muscular oesophagus are similar in appearance and 
structure to the corresponding regions of members of the genus Rhabditis, 
one of the commonest and most widespread of free-living nematodes. In 
fact these rhabditiform larvae may easily be confused with young forms 
of many Rhabditis species occurring in soil. 

I may perhaps venture on one further example in illustration of the 
need for a comprehensive view of the nematodes as a whole group. In 
the United States of America shortly after the end of the Great War a 
paper was published describing the occurrence in the faeces of a good 
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number of American soldiers of the eggs of a new nematode parasite 
which was provisionally named Oxyuris incognita. No particular clinical 
symptoms could be associated with the occurrence of such eggs which, by 
the way, did not persist for long in the faeces of any of the soldiers, and, 
in spite of the administration of various vermifuges to the long-suffering 
patients, there was complete failure to dislodge the hypothetical parent 
worms which were supposedly producing the eggs. 

The matter was very puzzling until it was shown in 1923 that the eggs 
were identical in appearance and size with those of the plant- parasitic 
eelworm known as the root-knot nematode, Heterodera marioni. The 
soldiers had, in fact, merely been eating potatoes or some other vegetable 
infested with this parasite whose eggs, during the process of digestion, 
had become mixed with the contents of the intestine and had finally been 
voided. The moral of this illustration scarcely needs pointing, but it does 
show that if there is need in the study of nematodes for viewing the 
group whole rather than in a piecemeal manner, that need applies equally 
to the medical and veterinary parasitologist in the difficult business of 
identifying parasites from eggs. 

Plant parasitic nematodes : historical 

I now pass to a consideration of the growth in knowledge of eelworms, 
particularly of plant-parasitic and free-living forms. Probably the first 
eelworm with which early naturalists, and especially early microscopists, 
became acquainted was the vinegar eelworm, now called Turhatrix aceti. 
This organism, which is often found in vinegar in many parts of the 
world, was mentioned as early as 1656 by Petrus Borellus. Later on it 
was studied by Leeuwenhoek who, as Dobell has shown in his fascinating 
hook, Leeuwenhoek andhis Little Animals, was thefirst to discover that the 
eggs develop within the female which becomes viviparous and to show 
that the globules in the intestinal wall are composed of fat. These facts 
were set forth in a communication to the Royal Society of London in 
1676 and make extremely interesting reading. It was not until nearly 
another century had elapsed that further knowledge of eelworms began 
to grow as books on the microscope and the wonders it revealed made 
their appearance. Baker in 1743 wrote on the sour paste eelworm, 
whilst a number of other early writers, including Adams (1771) and 
Hooke (1780), discoursed at length upon it and on how to grow it. This 
organism soon became confused with the vinegar eel, and I may perhaps 
mention in passing that it was not until as late as 1922 that it fell to my 
lot to settle the question of their separate identity. 
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It was Needham, who, in 1743, whilst studying grains of smutted 
wheat, discovered the galls or cockles caused by the eelworm now called 
Anguillulina tritici, and in so doing took the first step in bringing to light 
knowledge of plant-parasitic nematodes. Information on the habitat 
and behaviour of eelworms came from a variety of sources, and we are 
indebted to the work of many cecidologists for our knowledge of plant 
galls due to nematodes. It was in 1799 that Steinbuch gave an account 
of tlie galls in the flowers of certain grasses caused by eelworms which he 
called Vibrio agrostis and which we now recognise as belonging to the 
same genus as the wheat eelworm. Another species giving rise to galls 
on the leaves of Fescue grasses was described by Hardy in 1850 as F. 
grammis. Plant galls are obvious malformations, and it is easily under- 
standable that they should receive attention from naturalists and others 
and that the contained organisms should be described especially if the 
plant happened to be of economic importance. So it came about that 
swollen and galled shoots and roots and various other malformed struc- 
tures were examined. Berkeley in 1855 found the larvae of the root- 
knot eelworm, now known as Heterodem marioni, in the swollen roots of 
cucumbers grown in an English greenhouse. In 1859 Schacht found the 
little cyst-like females of another species of eelworm attached to the 
rootlets of sickly sugar-beet. This species was later given the name of 
H. schachtii by Schmidt in 1871, and from that time onwards there grew 
an immense literature in coimection with sugar-beet sickness and the 
intricate and difficult problem of its control; a problem which to-day is 
far from completely solved. Kiihn, in 1858, published an account of a 
diseased condition in the flower-heads of teasel or fuller’s thistle and called 
the eelworm associated with it Anguillula dipsaci. This was recognised 
a few years later by Bastian as a species of his genus Tylenchas, but it had 
already in 1859 been placed by Gcrvais and van Beneden in their genus 
Anguillulina; a fact which was lost sight of for very many years with the 
result that the parasite has generally been called Tylenchus dipsaci or 
T, devastatrix. It is only in the last few years that, in attempting to 
apply the rules of zoological nomenclature impartially, we have come to 
see the error of our ways and now call it by its proper but tongue-twisting 
name, Anguillulina dipsaci, 

I must say a little more on the early history of this parasite because 
of its widespread attacks on agricultural and horticultural crops. In 
1825 Schwertz in Germany had noted the occurrence of a stunting disease 
attacking rye, clover, oats and buckwheat and had given the name “ stock ” 
to the condition found in rye. About 1867, Kamrodt found eelworms in 
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rye showing the “ stock” symptoms, and in 1869 Kiihn showed that these 
eelworms were the cause of the disease. He also proved that the worms 
causing disease in teasel heads could attack rye and give rise to typical 
“ stock” symptoms. In the course of the next 10 or 15 years the parasite 
was found in lucerne, hyacinths and onions, and this led to the important 
researches of Ritzema Bos (1888-92), which brought to light the fact that 
one and the same organism was responsible for disease in all cases. 

In order to complete this brief survey of the progress in knowledge 
of plant-parasitic eelworms I must give some account of certain root- 
infesting species of Anguillulina which do not provoke gall formation but 
give rise to necrosis of the tissues, and a few words also about members of 
the genus Aphelenchoides which are so important as parasites of horti- 
cultural crops. The eelworm now known as Anguillulina similis is an 
important parasite of certain tropical and subtropical plants of economic 
importance such as coffee, tea, pineapple, sugar-cane and banana. It was 
first described by Cobb in 1893 from soil about the roots of banana in 
Fiji. In 1 898 it was again found by Zimmermann in coffee roots and given 
another name. Cobb described it again under still another name in 1909 
from Hawaiian sugar-cane roots, and still later in 1915 straightened the 
matter out when he found adults of both sexes in roots of Jamaican 
bananas when he recognised it as the same species he had originally found 
in Fijian soil. A somewhat similar history attaches to another root 
parasite, A, pratensis, which incidentally illustrates the importance of 
faunistic studies of soil nematodes. This eelworm was first described by 
de Man in 1 881 from soil in Holland as a free-living species. Zimmermann 
in 1898 found it along with A, similis in coffee roots and called it Tylen- 
chus coffeae. Cobb described it afresh from cotton and violet roots under 
the name of T. penetrans, whilst in 1924 Rensch described it as a pest of 
cereals in Germany under the name of Aphelenchus neglectus. Finally, in 
1927, Steiner cleared the matter up by showing that the parasite was one 
and the same as de Man’s Tylenchus pratensis. 

All the species of Anguillulina so far mentioned are internal parasites, 
but there is one interesting member of the genus which is ectoparasitic 
on rice in the Ganges delta, causing a disease mainly of the inflorescence 
called “Ufra”. Our knowledge of this is based almost entirely on the 
work carried out on it by a past president of this Association, Dr E. J. 
Butler, published in two papers which came out in 1913 and 1919. 

The strawberry eelworm, Aphelenchoides fragariae, was first described 
by Ritzema Bos in 1891 from strawberry plants suffering from “cauli- 
flower ’’disease in England which were sent to him by Miss Ormerod. In 
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1893 he described another species, now known as A. olesistus, which gives 
rise to leaf blotch in ferns and is also destructive to begonia leaves and 
other ornamental plants. Tn 1911 Schwartz published a more detailed 
study of these forms and separated from them the species which is such a 
serious pest of chrysanthemum leaves under the name of A, ritzema-bosi. 
Since then and in quite recent years much has been published on this 
destructive pest and many methods for its control have been tested. 
Lastly, I may mention the eelworjn, A, cocophilus, which is associated as 
a systemic infection in coconut palms suffering from the deadly “red 
ring” disease in the West Indies. Knowledge of this dates from the years 
1919 and 1921, when the important papers of Nowell and Cobb dealing 
with it were published. 

1 have briefly sketched something of the growth in knowledge of some 
of the more important plant-parasitic eelworms. Investigation of these 
organisms is still in progress, on forms which have been imperfectly or 
inadequately described in older works and on recently recognised forms, 
with the result that in recent years much new information has been 
brought to light. Re-study of forms described years ago has led to their 
better description and differentiation, standards of accuracy and refine- 
ments in morphological studies and technical description have been set 
up to the betterment of the science in all directions. In addition, we are 
beginning to know something about the pathology of the various disease 
conditions. This line of enquiry, which has been rather neglected in the 
past, now promises to throw light on the nature of the offensive maintained 
by the parasite and on the defences set up by the host plant. 

Concurrently with increasing knowledge of plant-parasitic species 
there has been steady progress in knowledge of those forms which are 
found in fresh and salt water, free-living in the soil and in all sorts of de- 
composing organic media. Some of these we now know to be carnivo- 
rous predatory creatures which feed on other minute animals in the 
soil, including parasitic and saprophagous eelworms. Many important 
faunistic papers dealing with soil nematodes have appeared from time 
to time, and this type of work still goes on. It is of considerable im- 
portance to the investigator of plant-parasitic and related forms if only 
for the reason that two of the genera attacking plants and insects also 
contain numerous species which are free-living. In addition, one often 
finds numbers of eelworms in diseased plant tissues, and it is essential 
for us to possess a pretty wide knowledge of the forms encountered 
80 as to be in a position to distinguish them from the disease- 
producing species. For reasons such as these it is desirable that a wide 
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view of the whole subject should be maintained by the worker on these 
organisms. 

Some present-day problems op plant helminths 

Specialised technical questions of nematode structure and systematics 
would scarcely be of interest to the members of this association, but 
I hope that some of the problems connected with plant-parasitic species 
of practical importance in agriculture and horticulture may not be 
inappropriate for discussion in an address of this character. 

Gall formation. The species of eclworm which give rise to galls in the 
flowers and on the leaves of cereals and grasses are not of great economic 
importance at the present time. The methods of combating and con- 
trolling “cockle” in wheat are simple and easily applied. It is easy 
enough to omit wheat or a susceptible cereal for a season or two and not 
difficult to obtain a clean supply of seed for sowing. The grass galls do not 
cause serious damage to pastures and leys, at any rate in this country. 
From the scientific standpoint, however, gall formation is of importance 
if we wish to have any clear ideas on the pathogenic behaviour of the 
parasites concerned. For example, it has been widely assumed, because 
all the plant-parasitic nematodes possess a spear-like structure in the 
head, that this organ is the weapon which inflicts damage to the host 
tissues. Such a simple explanation is, I believe, very far from the truth, 
as may be illustrated from many cases of plant galls and in particular 
from those caused by a species of Anguillulina giving rise to galls on the 
leaves of an Indian pasture grass, Andropogon pertusus, which I studied 
a year or so ago (Goodey, 1934). The galls are small, round, shot-like 
swellings, arising sharply from the leaf-stem of leaf-sheath, and sections 
through them show that marked changes in the tissues occur as a result 
of their invasion by the parasite. The cells of the upper and lower epi- 
dermis become enlarged, and the mesophyll cells undergo remarkable 
hyperplasy and hypertrophy resulting in the formation of a mass of 
tissue composing the gall. A cavity forms in the centre of the mass, and 
in this the parasites mature and reproduce. Examination of the cells 
composing the gall show that they undergo profound modification. Those 
lining the. gall cavity are large, have finely granular, vacuolate proto- 
plasm, and each contains a large nucleus with two or more nucleoli. These 
cells are no doubt to be regarded as nutrient in function; probably 
exosmosing food substances on which the parasites feed. Outside the 
nutrient zone we find enlarged cells whose walls have become considerably 
thickened by the deposition of reticulate or scalariform thickenings. 
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I do not know of any other plant galls resulting from nematode attack 
so highly organised structurally as those caused by this species. In fact for 
comparable structures we must turn to galls resulting from the attack of 
certnin cynipid insects in which also we find an inner nutrient zone of cells 
surrounding the gall cavity and outside this a layer of cells whose walls 
-^re considerably thickened. 

How does such a gall arise? Surely not as a result of the action of the 
spear-like mouth organ, since many of the cells exhibiting modification 
are not accessible to the parasite itself, but probably in much the same 
way as do galls caused by cynipid insects. Kostoff and Kendall (1929 
and 1930), to whose work on galls I am indebted for any ideas 1 have on 
the subject, have suggested that a gall arises as a reaction on the part of 
the plant to the presence of irritant substances poured out by the parasite. 
Such substances stimulate the plant tissues to increased metabolism 
which is expressed in more rapid growth and greater cell division. In 
the immediate vicinity of the source of the irritants their action is so 
strong that the cells do not continue to divide but remain large and so 
constitute the nutrient zone. Some, in fact, break down under cytolytic 
action and so form the gall cavity. Outside the nutrient zone the irritant 
substances act under optimal conditions and bring about hypertrophy 
and hyperplasy which results in the mass of cells comprising the gall. 
Beyond this region there is apparently limitation of their action and gall 
formation ceases. 

In immunological terms the plant can be regarded as capable of 
elaborating antibodies or protective substances in response to the presence 
of antigens in the irritant substances poured out by the pathogen. The 
plant’s protective mechanism is brought into play and a time comes when 
the antibodies are present in sufficient quantity to neutralise the stimu- 
lant effects of the irritant substances and gall formation is brought to an 
end. It is in the zone of neutralisation that we find the plant reacting by 
the thickening of its walls in both cynipid galls in a nematode gall of the 
complex type I have just described. 

In other nematode galls so far investigated anatomically we do not 
find so elaborate a structure as that caused by Anguillulina ceddoplastes 
on Andropogon pertusus, but it is none the less probable that somewhat 
similar factors are at work in their formation. Much remains to be done 
in this line of investigation, and a very varied and interesting field 
awaits the attention of some future worker. In root galls caused by 
Heterodera marioni and //. schachtii giant cells are produced just outside 
the vascular cylinder which probably serve as nectaries or special food 
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reservoirs from which food substances are exosmosed and on which the 
parasites feed. 

Problems connected with Anouillulina dipsaci 

I propose now to deal briefly with one or two matters connected with 
the stem or bulb eelworm, Anguillulina dipsaci. First with a disease 
of bulbous irises caused by this parasite, and then with certain questions 
relating to “tulip root” in oats and stem sickness in clover. I bring up 
the eelworm disease of iris bulbs for consideration partly because of its 
growing importance and increasing incidence but also because it ap- 
parently presents us with a case of a disease arising within the past ten 
years or so. The earliest record of eelworm attack on iris bulbs is that of 
van Poeteren in 1925, who stated that a large part of a stock had gone 
rotten probably because they had been packed in boxes too long. His 
observations were made in 1924, so it is quite probable that attack on 
iris bulbs had been proceeding for some time; how long it is impossible to 
say, before it became thus noticeable. No further records appeared until 
1929 when I listed attack on Spanish iris bulbs, but it is interesting to 
note that the observations recorded in 1929 were made in November 
1924 on material sent to the Ministry of Agriculture Plant Pathology 
Laboratory, and the parasites were found by the staff there and by my- 
self. The origin of these bulbs I do not know. In 1932 Tschaen reported 
attack in Iris filifolia and L tingitana> from the south of France. In the 
next year Steiner and Buhrer (1933) brought out a short paper and 
described symptoms of attack in Spanish iris (/. xiphium), Dutch iris 
(/. xiphium hybridum), English iris (/. xiphioides) and Tangerian iris 
(/. tingitana). They recorded having found the parasite in bulbs im- 
ported from Holland and from a planting in Virginia. 

In our own country Hodson (1934) has given an account of the symp- 
toms of attack in the resting bulb and under growing conditions in the 
field. Steiner and Buhrer’s and Hodson's work shows clearly that evidence 
of attack is only apparent on the removal of the outer scaly bulb tunic, 
when more or less extensive diseased, discoloured areas are found towards 
the base and on the side of the fleshy bulb. When affected bulbs are cut 
transversely the diseased areas are found to penetrate more or less deeply 
into the tissues of the bulb, and in these areas the parasites are found in 
good numbers. Attack would therefore seem to be direct from the outside 
inwards and not downwards into the bulb rings as in narcissus. Diseased 
bulbs when planted either rot completely or produce poor discoloured 
leaves and are flowerless. They may succeed in producing daughter bulbs 
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which in turn become attacked. It is interesting to note that the foliage 
has never been found to show spickles or blister-like lesions so characteris- 
tic of attack on narcissus and hyacinth leaves. So far attempts by Steiner 
and Buhrer and by Hodson to control by the hot-water treatment have 
proved inefEectual. Hodson submitted infected bulbs for 1 and 2 hours 
to water at 110° F. in December, but though treatment for 1 hour was 
sufficient to kill the parasite all the bulbs had died by the following 
March. On the other hand Staniland (1935) has found that bulbs of Iris 
“Imperator” treated for 50 min. at 110° F. in early autumn successfully 
withstood the hot-water treatment. Newton in British Columbia has 
also had failure with hot- water treatment in the case of infected irises. He 
reports in a letter that a recent consignment of Dutch iris bulbs imported 
from England showed a 100 per cent, infection, and though hot- water 
treatment was a failure some success at control has been obtained by 
soaking the bulbs for 3 hours in silver nitrate-potassium cyanide solution, 
i.e. by the process worked out at the Saanichton Laboratory and recom- 
mended for the treatment in vacuo of infected narcissus bulbs (vide 
Newton, Hastings and Bosher, 1933). As to whether this strain of the 
parasite is the same as that attacking narcissus, the evidence of experi- 
ments carried out by Steiner and Buhrer and by Hodson point to the two 
races being distinct, since reciprocal infections were not established. Thus, 
although this disease of irises has apparently arisen in quite recent times, 
we are not, I am afraid, in a position to point to its exact origin. Bulbous 
irises are frequently used to follow plantings of narcissus, but if the 
narcissus strain of the parasite originally transferred to iris it has already 
become so well acclimatised to its new host that it will not now infect 
narcissus. 

Turning to “tulip root" in oats and stem sickness in clover it may be 
noted that both conditions are fairly widespread in this country, as is 
shown by the records appearing from time to time in the Monthly 
Summaries of Plant Pests and Diseases issued by the Ministry of Agri- 
culture. One of the most difficult things to account for in the case of both 
diseases is their sudden appearance in fields where the preceding crops in 
a rotation are non-susceptible ones or, if susceptible, have shown no ob- 
vious evidence of eelworm infestation. Two possible explanations suggest 
themselves, (1) that the parasite is seed-borne or (2) that there may be a 
light natural infection on weeds from which the organism passes over to 
the crop. As to the first possibility, Robertson (1928) showed that 
Anguillulina dipsad may occur in the panicles of oats (though not 
actually within the seed coats) which have been harvested from an 
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affected crop. Hodson (1933), too, has recorded the occurrence “tulip 
root” at different centres, the seed sown having been obtained from a 
common source which was a diseased crop. It is known, too, from Cobb's 
investigations, that red clover and lucerne seed, even in the cleaned state, 
can carry the parasite in the dried viable condition. It is known also that 
the parasite can be dispersed within the seed coat of the weed Hypo- 
choeris radicata (cat’s ear), a fairly common composite, both in the 
United States and this country. The potentialities of the parasite being 
seed-borne require still further investigation, especially in connection 
with the sporadic incidence of disease. On the question of it being 
harboured by various weeds and of these possibly serving as reservoir 
hosts much remains to be done, but we know from Quanjer’s (1927) 
researches in Holland that certain weeds served as the source from which 
the parasite spread and attacked potatoes in his experiments. However, 
this proved to be a polyphagous race, and the situation is generally 
complicated by the fact that most of the races of the parasite attacking 
agricultural crops are highly specialised biological ones which restrict 
their attacks to a particular host or to a narrow range of hosts. A 
considerable number of weeds have been recorded as hosts of the parasite, 
and on two occasions I have myself found one of the common buttercups 
showing infestation under experimental conditions where the source of 
infection was the red clover strain of the parasite. Observations of this 
character are of importance, as they suggest a possible answer to the 
problem of the occurrence of disease when the particular crop has been 
absent for some years. If the parasite has been maintaining itself as a 
light infestation on a fairly common weed we may the more easily account 
for its apparently sudden appearance on the susceptible crop when next 
it comes in the rotation. Some such explanation seems to be required, 
since all the evidence available points to Anguillulina dipmd being an 
obligate parasite, and it is extremely difficult to suggest an explanation 
of its surviving in soil under normal moist conditions in the absence of 
some host or other for more than 12 or 18 months. We know, of course, 
that the pre-adult infective larvae can survive in the dry condition for 
periods up to 6^ years and revive on moistening, but this is a very 
different matter from life in moist soil where we must envisage them as 
moving about and slowly using up their reserve stores of fat. More 
information is still needed on the biology of the parasite under normal 
soil conditions. Robertson (1936) has shown, in the case of samples of 
soil fronj an oat field in which the crop was severely attacked in 1926, 
that in the following year a heavy infestation was set up in oats sown in 



T. Goodey 


216 


pots. In 1928, 30 per cent, and in 1929, 3 per cent, of the oat seedlings 
grown in pots of soil taken from the field showed infection. The field itself 
during these years was down to grass. By 1930 the soil was no longer 
infective to oats, and the parasite had apparently died out. It had, 
however, persisted for 3 years in the absence of the appropriate host, and 
this is a much longer time than one would have expected it to be able 
to do. It will be evident from what I have said that the problem of 
the complete eradication of the parasite is an extremely difficult one. 
Measures to ensure a supply of clean, parasite-free seed and weed 
destruction immediately suggest themselves, but the latter is by no means 
easy to accomplish. Sowing down to grass can be recommended as can 
well-devised rotations, but in the case of “tulip root” in oats, it would be 
advisable to omit field beans, since there are at least two cases on record 
of beans being attacked following disease in oats. Another approach to 
control in the case of “tulip root” which is now receiving attention is the 
use of disease-resistant varieties, but the time is not yet ripe for much to 
be said about this beyond an indication that there is evidence that 
certain varieties show a marked resistance to attack when grown under 
conditions which lead to severe injury in other varieties. 

Hot-water treatment. Discussion of problems connected with Anguil- 
lulina dipsaci affords a convenient opportunity to say something about 
hot-water treatment and some of the present-day work on it, since it is in 
relation to narcissus bulbs infested with this parasite that so much work 
has been and is being done. The subject as a whole is too big to be dealt 
with completely in an address of this kind, but it may be noted that there 
are three main lines along which the use of heat either as steam or hot 
water has been directed in attempts to control eel worm diseases (I am 
leaving out any consideration of the so-called vapour heat treatment), 
(1) treatment of soil, (2) treatment of the growing plant, (3) treatment of 
the resting plant. It is convenient to separate (2) and (3) though they are 
intimately connected. 

(1) The use of steam for the treatment of greenhouse soil was prac- 
tised in the United States as long ago as 1894, and the method was 
successfully elaborated by Stone and Smith in their paper on the root- 
knot eelworm published in 1898. In our own country a considerable 
amount of work was done on the steam treatment of soil in connection 
with investigations on the partial sterilisation of soil at Rothamsted and 
elsewhere round about 1908-13. This work links up with the American 
work, although it was not primarily directed to the killing of parasitic 
eelworms but ’to the wider problem of soil sickness. In the work of 
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Bewley on soil sterilisation the practical aspects of the application of heat 
to soil have been placed on a sound and firm foundation. 

(2) The successful treatment of the living plant infected with eel- 
worms as a method of control was reported by Marcinowski in 1909 in the 
case of both ferns and begonias, the leaves of which were infected with 
Aphelenchoides olesistus. She immersed plants in water at 50° C. for 
5 min., thereby killing the parasites but leaving the plants uninjured or 
but temporarily retarded. The more extensive application of such a 
method of treatment has had to wait for much more recent years, but we 
now know of its successful use with strawberry runners and violet plants 
treated for 30 min. in water at 110° F., followed by plunging in cold 
water. In the case of chrysanthemums the stools can be given a similar 
treatment of 30 min. in water at 110° F., before the cuttings are taken; 
the young growths being free from infection. The treatment retards the 
sprouting of the stools for 2 or 3 weeks, so it is advisable to administer it 
2 or 3 weeks earlier than the normal time for taking cuttings. Lily of the 
valley crowns are reported by Thompson (1934) as being freed from 
attacks of Anguillulina pratensis by treatment with water at 45° C. 
for 30 min. Hodson (1935) has reported that phlox plants attacked by 
A. dipsaci and treated during the resting stage have responded well to 
treatment in hot water at 110° F. for 30 min., the new shoots being free 
from infection. The method, in fact, bids fair to becoming one of the most 
useful and efficacious for the control of eelworm infestations in plants 
which are of a size suitable for the hot- water bath. 

(3) The treatment of narcissus bulbs by the hot-water method to rid 
them of Anguillulina dipsaci had an origin independent of the two already 
mentioned, in that it was taken up primarily in attempts to free them from 
the attacks of narcissus bulb flies. In 1902 it was suggested by Saunders, in 
a note written by Wilks, that steeping fly-infested bulbs in water at 1 15° F. 
for 20 min. should be tried. Theobald reported in 1911 that good results 
could be obtained by immersing bulbs in water at 120° F. for about 
10 min. ; I am told, however, that the bulbs were killed. To Fryer, 
however, belongs the credit for the most successful of these early attempts 
to control these flies. In 1915 he gave an account of work in which infested 
bulbs were treated for 1 hour in water maintained at 110° F., by which 
means the fly larvae were completely destroyed, and it was incidentally 
established that the bulb eelworm, if present, was controlled with a 
90 per cent, efficiency. Fryer’s preliminary investigations in reality 
formed the basis for the later work of Ramsbottom, whose researches led 
to the standard treatment of bulbs for 3 hours in water kept at 110° F. 
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Fryer’s share in thus establishing a good firm foundation on which so 
much later work has been erected has been almost entirely overlooked, 
I have thought this a not inappropriate occasion on which a long 
overdue estimate of the place and significance of Fryer’s work might 
be made. 

A great deal has been written on the standard treatment since Rams- 
bottom’s papers appeared in 1918, and the method has been very widely 
adopted, with the result that probably hundreds of tons of bulbs are 
treated annually. Nevertheless, complete eradication of the narcissus 
race of the parasite has not been accomplished, and in the past 2 or 3 
years a good deal of research has been done on various aspects of the 
problems involved in the process. 

Staniland brought out a paper in 1933 in which he dwelt mainly on 
two aspects: (i) the time taken to kill the eelworms, and (ii) the time 
required to bring the centre of bulbs of various sizes to 110° F. Having 
determined that it takes approximately 20 min. to kill specimens of the 
parasite taken from leaf lesions in water at 110° F., he then showed that 
the time required for the centre of a bulb to reach 110° F. varied 
according to the diameter and size of the bulb, and that for smaller bulbs 
a much shorter time was required to effect destruction of the parasite 
than the standard 3-hour treatment. Length of treatment could, in 
fact, be varied according to size of bulb, and he claimed that as a result 
of the shorter treatment several of the adverse effects of the 3-hour 
treatment, such as flower blindness and splitting of the trumpet, could 
be avoided. 

As was perhaps to be expected, Staniland’s results have received a 
somewhat mixed reception, and it is maintained by some that it is 
dangerous to recommend a treatment shorter than the standard 3 hours. 
There can be no doubt, however, that it has served a useful purpose in 
concentrating attention on various details of the general problem. For 
example, if bulbs are left rather late before treating, say till October, 
ample time is given for the accumulation at the base of bulbs of masses 
or tufts of the so-called eelworm wool which consists of enormous numbers 
of pre-adult infective larvae. As these become coiled and dry they are 
very resistant to desiccation, and it is clear from the results of experiments 
carried out by Sherman (1933) in U.S.A. and by Hastings and Newton 
(1934) in British Columbia that they are very resistant to heat treatment 
and require longer than 20 min. to kill them in water at 110° F. If they 
are previously soaked in water so as to render them motile they can be 
killed in a shorter time than if dry. Revival of any quiescent forms is 
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therefore obviously desirable, and pre-soaking of bulbs for 24 hours 
before hot- water treatment with this end in view may be recommended if 
it will render the process more efficient. It is interesting to note that 
Courtney and Latta (1934) claim that in water at temperatures of 70- 
80° F. revival of quiescent forms is more complete than below 60 or 
above 100° F. Another point which emerges from this recent research is 
the desirability of early rather than late treatment of bulbs, i,e. before 
there has been time for the production of eelworm wool at the base of 
bulbs. Hastings and Newton (1934 a), too, have shown that it is by no 
means a simple and easy matter to determine whether a given lot of 
eel worms treated by hot water has actually been killed when left in water 
to test for revival. Revival of motility apparently depends largely on the 
depth of the liquid in which the sample of eel worms is placed, for greater 
numbers revive in shallow than deep water. Also the amount of surface 
of the water exposed to the air is an important factor in inducing motility, 
and this must be related to the oxygen requirements of the worms, for it 
was found that the replacement of the air by carbon dioxide over the 
dishes containing treated worms for 20 hours prevented any return of 
motility. 

I have already mentioned the desirability of early rather than late 
treatment of bulbs, but there are other factors to be borne in mind in 
determining the time of treatment. A very important one is that it should 
be applied during the period of the bulb’s greatest dormancy. Hawker 
(1935), following up investigations by Gregory (1932), has confirmed his 
finding that bulbs treated in autumn may suffer heavily from attacks 
of the fungus Fusarium bulbigenum. She has also shown that bulbs 
treated during the period of maximum dormancy, i.e. during the latter 
part of August and in September, exhibit a phase of minimum suscepti- 
bility to Fusarium attack. It is clear, therefore, on these grounds, as well 
as because the bulb itself is now in the physiologically right condition, 
that it is desirable to give the treatment when the bulb is most dormant. 
One or two other points arising from Miss Hawker’s work may be 
mentioned. She has shown that quick drying of the bulbs after treatment 
is to be recommended rather than leaving them in sacks to cool slowly, 
as is frequently done in this country. It is in no way harmful and is an 
additional precaution against possible attack by Fusarium, Another 
result is that the addition of formalin to the bath, so that the liquid is 
really a formalin solution of 0*1-1 *5 per cent, strength, acts as a valuable 
fungicide and thus helps to reduce losses due to fungal attack. It has no 
harmful effects on the bulbs, either on the date of flowering, on the 
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quality and number of blooms, or on the increase in weight of the bulbs 
during the growing season. We may expect to hear more in the near 
future, I think, on the suitability of other chemical substances for the 
treatment bath as lethal agents for nematodes and fungi. 

Lastly, on this subject of hot- water treatment, I may briefly refer to 
recent work by Christie and Crossman (1935) on temperatures lethal to 
strains of Aphelenchoides parasitising begonias, chrysanthemums and 
strawberry. In the case of those causing disease in begonia leaves they 
found that 20 min. at 112° F. was sufficient to effect a complete kill of 
fifty specimens of the parasite. For worms from chrysanthemum leaves 
12-15 min. at 115° F. was effective, 1^ hours at 112° F., but as long as 
3 hours at 110° F. was required. One may point out in passing the differ- 
ence between this time and that which has been recommended in this 
country for the treatment of chrysanthemum stools where as a result of 
the work of Hodson (1933) 20 -30 min., according to size of stool, at 
110° F. is claimed as effective in ridding the plant of the pest. The 
dangers attendant on heating stools to temperatures of 1 15° F. or slightly 
over in checking or retarding shoot production has been brought out by 
Kearns and Walton (1934), so that it would seem advisable to follow the 
recommendations of English workers in carrying out hot- water treatment 
of chrysanthemums even though there may be some slight risk of the 
incomplete destruction of all the parasites at a temperature of li0°F. 
for 30 min. 

In the case of Aphelenchoides from strawberries, Christie and Crossman 
worked with material from two different parts of U.S. A., one from Massa- 
chusetts and one from North (Carolina. Whereas a temperature of 115° F. 
for 10-12 min. was sufficient to kill the worms from Massachusetts 
plants, it required 55 min. at 118° F. to kill the worms from North 
Carolina plants. The disease symptoms and their seasonal occurrence 
differ in the plants from these two districts, and the authors are inclined 
to the view that the differences in response to hot-water treatment 
support the conclusion that two physiologically distinct strains of the 
parasite are concerned with attacks on strawberries in the two districts. 

The root-knot eelworm, Heterodera marioni 

I now turn to the consideration of certain matters connected with the 
root-knot eelworm, Heterodera marioni. In this country it is chiefly 
important as a pest of greenhouse crops such as cucumbers and tomatoes 
and of ornamentals such as begonias and cyclamen. There are also one or 
two records of it causing galls on the roots of plants in the open in this 
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country, for example, on carrots in Wilts., parsnips at Slough in Bucks, 
and recently on celery in Co. Cork, Irish Free State. As soil temperature is 
one of the principal factors controlling the activity of this parasite it is 
interesting to note that it has been found attacking the roots of plants 
growing out-of-doors in more northerly climes than ours, for example on 
elder, snowdrop-anemone, chrysanthemum, paeony, iris, winter aster, 
cabbage and melon in Denmark. In Germany, Goffart (1934) has reported 
it from red clover, lucerne, peas, potatoes, vetch and sainfoin growing in 
the vicinity of Berlin. It would appear, however, to cause comparatively 
little damage to plants growing in these more temperate regions and is 
mainly a serious pest of out-of-door crops in warmer parts of the world. 
In many tropical and subtropical countries where valuable crops are 
cultivated the root-knot eelworm is one of the most serious factors limit- 
ing profitable production. Thus Scott (1934) recently reported that in 
California much of the land is limited to the cultivation of root-knot 
resistant crops or such as mature early in the season. In his opinion this 
parasite is the most serious in the State. In Nyasaland and Carolina it is 
a particularly serious pest of tobacco, especially in seed beds, whilst in 
Hawaii it is a great hindrance to the cultivation of pineapples. I have 
merely singled out one or two examples for special mention, but the range 
of hosts of cultivated and wild plants is very large, now reaching over 
1000 names, including many weeds which in warm countries can serve 
as reservoir hosts on which the parasite can flourish in the absence of a 
susceptible crop. As a consequence the problem of eradication is ren- 
dered additionally difficult, and any attempt to grow immune or resistant 
crops in a rotation must entail very careful and frequent cultivation of the 
soil aimed at weed destruction. Control of the pest under greenhouse 
conditions can be effected by steam sterilisation of borders which, though 
expensive, is efficient, and to a lesser degree by chemical means. Under 
open field conditions control is much more difficult to achieve. The use of 
chemicals has been extensively investigated, and it is obvious that any 
substance recommended must be reasonably cheap for application on a 
large scale. So far chemical control has on the whole proved inefficient, 
but it is, of course, possible that someone will yet bring to light the ideal 
substance. Mention may be made of one substance which has given fairly 
good control in Hawaiian pineapple fields, namely, chloropicrin. It is very 
poisonous, and men injecting it into the soil have to wear gas masks. 
Also, in order to ensure good results it is necessary to check the escape 
of the vapour from the soil by covering the surface of plots with large 
sheets of tough paper which has been sized with glue. These are held down 



T. Goodey 


221 


at the sides and the gas is left to act for about 4 days. With applications 
at the rate of 160-180 lb. of chloropicrin per acre reductions in the 
incidence of galling on roots in the region of 90 per cent, and an increased 
yield of pineapples round about 50 per cent, as compared with heavily 
infected areas have been effected. Chloropicrin when properly applied 
not only helps to eliminate the parasite but has a marked stimulating 
effect on the plant by increasing the vigour both of root and shoot 
growth (vide Godfrey, 1935). 

Fallowing of infected soil has also been recommended, and mention 
may be made of the results of experiments conducted in South Africa 
by le Roux and Stofberg (1935), where for several months it was possible 
to expose the soil to desiccating conditions coupled with intense sunlight. 
Some of their experimental plots were ploughed monthly, followed by 
weeding, with the result that there was almost complete eradication of 
the pest. That frequent stirring and cultivation of the soil to assist in 
drying is an important factor in promoting destruction of the parasite is 
borne out by the extensive experimental work of Godfrey, Oliveira and 
Gittel (1933), who carried out investigations in Hawaii on the survival of 
the parasite as eggs, larvae or in affected pineapple roots under various 
conditions of dryness. They show that complete eradication of eggs 
and larvae can be effected in from 16 to 20 weeks if the soil is dried, 
accompanied by weekly stirring. If the soil is alternately wetted and 
brought to dryness, accompanied by stirring, eradication of eggs and 
larvae is effected in a somewhat shorter time. When the parasite is 
present in pineapple roots, drying with stirring brings about destruction 
in about 20 w eeks. Exposure of galled woody roots of pineapple to bright 
sunlight for 7 or 8 days is sufficient to destroy the parasite within. 

It would appear then that where climatic conditions are favourable, 
fallowing of infested land accompanied by frequent cultivation and weed 
destruction may provide an effective method in eradicating the pest. 
There are risks attendant on such operations, and it has been suggested 
that soil exposed to these conditions is liable to suffer seriously by the 
loss of its valuable humus content and by the destruction of beneficial 
bacteria. Again, it may be eroded if left too long without crops. This 
naturally leads to the consideration of methods of control which provide 
against such risks by the cultivation of rotational crops resistant to 
attack which can be used as green manures and to maintain the 
fertility of the soil. The chief of these are cereals, used as wrinter crops, 
followed by maize or some kind of immune legume as a summer crop, or 
by a mixture of these. As long ago as 1923 Godfrey gave particulars in one 
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of the U.S, Farmer's Bulletins (No. 1345) on the best way of conducting 
a 2- or 3-year rotation along these lines. The same worker (1928) has 
also dealt with the problem of the most suitable of these immune legumes 
as rotation crops for pineapple fields in Hawaii. It would appear that 
Mauritius and Florida varieties of the velvet bean (Mucuna sp.), Laredo 
soy bean, certain varieties of cowpea, namely Iron, Brabham, Victor and 
Monetta, Florida beggar weed (Meibomia tortuosa) and Sunn hemp 
{Crotalaria jun<iea) fulfil most of the requirements in this direction. It is 
claimed that when rotations including a selection of these crops are 
carefully carried out the parasite is starved out and the soil is enriched 
rather than impoverished. 

Immune or highly resistant crops can be recommended, however, not 
only for rotations but as principal crops. In the United States a good 
deal has been done on this question, and in addition to the cereals, maize 
and immune legumes already mentioned there are hybrid tobaccos which 
have proved resistant as well as certain named varieties of sweet potato 
whose use can be recommended. American grapes are more resistant than 
Old World varieties, and certain figs are less susceptible than others. 
Peach orchards in southern parts of the United States suffer particularly 
from the parasite, but in a note recently published by Auchters (1935) 
mention is made of the Shalil peach, originally imported from India, 
which has proved quite resistant to attack and is now being used exten- 
sively as a stock on which other susceptible peaches are being worked by 
grafting. Enough has probably been said to indicate the difficulties of 
control in the case of this parasite in warm countries and to show that by 
carefully planned rotations with the use of immune crops or by dry fallow- 
ing the problem is not entirely hopeless and insoluble. 

HeTERODERA SCIIACHTIl PROBLEMS 

I would now like to say something on one or two aspects of problems 
connected with Heterodera schachtii. The original sources of infestations 
with this species will possibly never be fully elucidated in view of the fact 
that we have to reckon with five more or less fixed biological races of the 
parasite. These are: (i) the potato strain which is limited to attacks on 
potato, tomato and black nightshade ; (ii) the beet race which will attack 
a fairly wide range of hosts including chenopodiaceous plants and several 
crucifers besides a variety of weeds ; (iii) the oat race which confines its 
attentions to cereals and grasses but has also been found to attack certain 
weeds and red clover ; (iv) the pea strain which will attack peas, vetches, 
broad beans and red clover; and (v) a race occurring in Japan which is 
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specialised to the soy bean but will also attack kidney bean, adzuki bean 
and multiflora bean. It is not my intention to enter on a general discus- 
sion of the subject of biological races at this stage of my address but to 
consider certain aspects of the problem of the sources of infection in 
relation to such matters as clean seed, weed eradication and crop rotation. 
A crop of potatoes, sugar-beet, mangolds or peas is found to be doing 
badly, and when the roots are examined they are found to show various 
abnormalities and to have numbers of the little cystic females of 
H, schachtii attached to them. One naturally asks what was the source 
of the infection. It is generally extremely difficult to give a satisfactory 
answer to such a question. In the case of the pest on potatoes I can make 
no suggestion as to what may have been the original host of this now 
highly adapted race; possibly some wild solanaceous plant. We do know, 
however, something about its dispersal. The brown cysts may be carried 
on “seed” potatoes and in the small quantities of soil which get bagged 
up with them. When the sacks of seed are taken on to fields and the 
setts are planted it is easy enough to see how foci of infection may become 
established. In the same way tomatoes grown in potato-chitting houses 
become infected from the cysts introduced with the setts and soil. There 
is evidemje also that the parasite can be carried on the seed coats of 
sugar-beet seed. In fact it has for many years been assumed that it is by 
such means that the pest has been spread to previously clean centres. 
My colleague, Ur Triftitt, has recently shown (1935) that in a small 
quantity of imported sugar-beet seed, which had been distributed to an 
English farmer by a sugar-beet factory, there was a certain amount of 
soil which, on being extracted with water, yielded a typical lemon-shaped 
cyst of the parasite. The possibility of dispersal by means of seed suggests 
the need for the establishment of regulations governing the importation 
of foreign seed to ensure its being clean and free from soil. It is quite 
probable that in various centres in this country where the pest has 
already been found attacking sugar-beet and mangolds, one source of 
origin has been its introduction by means of dirty seed. Once in the soil 
it has rapidly established itself under conditions favourable to its multi- 
plication in the frequent cropping with sugar-beet or mangold which has 
been too often practised. It has also transferred itself to certain weeds 
commonly occurring in arable fields. Thus Triffitt (1929) found it in a 
field in the west of England in which mangolds were heavily attacked, on 
the roots of cauliflowers, mayweed, sow thistle, dead nettle, annual and 
perennial stinging nettle, poppy, black nightshade, speedwell, couch- 
grass, perennial rye-grass and annual meadow-grass. On none of these 
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was there a heavy infestation, but it is easy to see how the parasite could 
maintain itself on a wide range of weeds during the cropping with 
intermediate crops in the absence of mangolds. 

In the United States, also, it has generally been assumed that the 
parasite was introduced by means of infected seed, and this, of course, 
may have been the case in some instances. It is interesting to note, 
however, that in Utah, where sugar-beet is extensively grown and where 
beet sickness due to the parasite has been known for some years, the 
pest, according to Steiner (1935) and Thorne (1935), has recently been 
found on the roots of an indigenous weed known as shadscale. This is a 
species of the genus Atriplex^ A. confertifolia (Torr. and Frem.) S. Wats., 
a member of the Chenopodiaceae, i.e. the same natural order as sugar- 
beet. This infected weed occurs in the Utah desert regions where sugar- 
beet has never previously been grown, and it is highly probable, therefore, 
that the widespread infestations of sugar-beet which have occurred in 
Utah have originated by transference of the parasite from the weed to the 
crop. A discovery of this character is not only of interest as to the origin 
of the pest but is of immediate practical importance, as it shows the 
necessity of excluding sugar-beet as a crop from areas where the weed 
occurs and of eradicating the weed as completely as possible so that it 
may not serve as a reservoir host of the parasite. 

We may, I think, quite reasonably posit the occurrence of natural 
infections of the parasite on various weeds and grasses in this and 
European countries as the original sources of infection of cultivated crops, 
just as we know of the occurrence of the stem eel worm on many weeds. 
We do, in fact, know of the occurrence of natural infections on Marram 
grass in Devon and Aberdeenshire, and it is feasible to suggest that the 
infections which have been recorded on the roots of grasses on golf 
courses and bowling greens may have been derived from such a source, 
since seaside turf is often used for these purposes. 

Triffitt (1929 and 1929a) has twice found it on couch-grass, once in a 
field where mangolds were affected and once where potatoes were at- 
tacked. In the latter case, however, the female cysts were not of the same 
shape as those of the potato race but were typically lemon-shaped, i.e. 
like those of the other races of the parasite. They may have been there as 
a natural infection or have remained there from some earlier infestation 
of mangold, beet or oats. Or again, they may have originated from the 
potato race, but this last suggestion is highly improbable seeing that 
attempts to transfer them experimentally from couch-grass to potatoes 
completely failed. Carroll (1933), working in Ireland, also failed to get 
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transference of the parasite naturally occurring on dock to potatoes, nor 
did he succeed in effecting transference in the opposite direction, though 
both dock and potato were found heavily infected in the same field. Here 
are two instances of the parasite occurring on two common weeds, but 
whether they were original natural infections or had transferred from 
some cultivated crop cannot, of course, be ascertained. 

The problem of the origin of the oat race of the parasite is more 
baffling, for we can scarcely suppose that this has been spread from place 
to place by means of infected seed. In this case 1 think we must turn to 
the possibility of its occurrence as a natural infestation on grasses, whence 
it has transferred to cereals. I have already mentioned that Triffitt 
twice found cysts of the parasite on couch-grass and once on perennial 
rye-grass. Perennial rye-grass has also been found by Edwards (1935) to 
be attacked by the oat race under experimental conditions, and he has 
also recorded (1935a) a severe attack on this grass in a first-year ley in 
Shropshire, presumably by the oat race. The same kind of grass has been 
found parasitised on a bowling green in Yorkshire by Thompson (1935), 
and it would seem that it is susceptible to attack by both the mangold and 
the oat strains of the parasite. It would, of course, be unwise to suggest 
that it is probably the original natural host of the parasite, but at any 
rate, the facts here adduced are suggestive of the direction in which we 
may expect to find the solution of this problem. In South Australia, 
where oats and wheat have been severely attacked by this parasite, 
Johnston (1934) has shown that it occurs also on the roots of two species 
of grass commonly found as weeds, namely, wall barley (Hordeum muri- 
nu 7 ti L.) and sterile brome-grass (Bromus nwdritensis L.). Here, again, it 
is possible that we have the original hosts from which the parasite has 
transferred to cultivated cereals. In the case of the race attacking 
peas, the occurrence of which has been recognised in numerous scattered 
centres in England in the last few years, we cannot reasonably imagine it 
as being seed-borne. It seems more feasible to surmise the occurrence of 
natural infectious on some wild vetch, since we know from experiments 
that this strain will attack the common vetch. 

I have probably said enough to illustrate the wide implications of 
these problems, the puzzling questions which they raise and their great 
importance in such matters as crop rotation and the possible role of weeds 
as reservoir hosts. 



226 Problems Relating to Plant-Parasitic Nematodes 


Concluding remarks 

The many-sidedness of the incidence of eelworm diseases of plants 
will have become apparent from what I have already said. The varied 
character of the problems involved in attempts to establish control of 
diseases due to such intractable organisms need scarcely be emphasised. 
It is also obvious, I think, that final success in the campaign against such 
diseases is not likely to be achieved by the extreme specialist on eelworms, 
but will probably be the outcome of efforts put forth by many workers 
including the specialist on nematodes, the agriculturist or horticulturist, 
the chemist and the plant breeder. Investigations into many aspects of 
these problems are in progress in various parts of the world, though the 
number of workers engaged on them is comparatively small. So far as I 
know, however, nowhere is there provision made for instruction on these 
matters, and anyone taking up work on eelworm diseases of plants is for 
the most part thrown back on his own resources and on what he can 
glean from the literature. This brings me to the final part of my address. 

In what I am about to say concerning the general lack of provision for 
instruction on plant helminths at universities and other centres of higher 
education, I doubtless lay myself open to the criticism that, being a 
specialist, I tend to overestimate the importance of the subject in the 
whole body of applied biology. Whilst admitting whatever validity there 
may be in such criticism, I still think that the present position is to be 
regretted and needs remedying. Perhaps we cannot expect that in courses 
for an honours degree in zoology more time should be devoted to the 
helminths in general, since they form but a comparatively small and mixed 
assemblage of the invertebrates. Moreover, we have to remember that 
the real advances in our knowledge of helminth bionomics have been made 
not by academic zoologists but by parasitologists and other specialist 
investigators interested in the applied aspects of parasitology. Again, the 
teaching of zoology is to-day in the main “pure” as contrasted with 
“applied”. Indeed “applied” is apt to be regarded as a little suspect: 
interesting perhaps as illustrating the way in which zoology impinges on 
diseE^se in humans or in domesticated animals and plants or on the many 
varied ways in which animals and plants are of use to man, but not to be 
studied too deeply, since it does not relate particularly to the main 
scheme of the zoological curriculum which is designed to display the form 
and function of the chief groups of the animal kingdom and their related- 
ness to one another in a general evolutionary scheme. In taking this 
somewhat critical attitude towards current academic teaching of zoology 
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I range myself with my predecessor as President of this Association and 
fully subscribe to the criticisms of the present-day academical outlook 
which he so admirably set forth in his Presidential Address. 

The needs of the medical and the veterinary student in helminthologi- 
cal instruction are being fairly well met at the present time, and for 
post-graduates intending to take up tropical medicine there is ample 
provision. For anyone, however, taking up agriculture or horticulture 
no provision is available, and we badly need a course in “nematology ”, 
to borrow a useful word coined by Dr Cobb. From time to time we re- 
cruit men for the agricultural and horticultural services as advisory or 
consultant officers. At the annual meeting of the Association of British 
Zoologists held early in January last. Fryer discussed the question of the 
qualifications required by men who are likely to succeed in this work. 
Here are some of his points. They should have obtained a good degree in 
the biological sciences, i.e. they should combine a knowledge of zoology 
and botany and, also, should have some knowledge of chemistry. They 
should have personality and an ability to appreciate sympathetically the 
farmer’s or fruit grower’s point of view ; which means that they ought to 
know something about farming or horticulture. They should have an 
aptitude for natural history. All things considered, the countryman 
rather than the townsman seems to be indicated. Given the right type of 
man, qualified in the ways just indicated, we equip him further by special- 
ised instruction in agricultural entomology or, in the case of a botanist, 
in mycology, but there we stop and omit to give instruction in the veriest 
rudiments of nematology. My suggestion is that for such people a short 
course covering general helminthology should be devised, and they 
should learn something on the technique of collecting and examining 
eelworms, the characteristics of the chief parasitic species attacking plants 
of economic importance and the symptoms to which they give rise, the 
features by which the parasites may be differentiated from the commoner 
saprophagous forms and methods of control. 

We know that men in such consultant service are bound sooner or 
later to encounter diseases of agricultural or horticultural crops caused 
by nematodes and will be asked to give advice on them, yet we are at 
present content to turn them out for their work without any equipment 
with which to cope with the eelworm problems they are likely to meet. 
It seems to me desirable that before these men embark on their work in 
the agricultural services we should make provision for their proper 
training in matters connected with nematode diseases of crops. 

In university courses where a student takes an honours degree in 
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agriculture, and particularly where he has an opportunity of taking 
zoology as a subsidiary subject, his courses should include some instruc- 
tion in agricultural parasitology covering not only helminths of farm stock 
but of agricultural crops as well. Similar suggestions would apply to the 
advanced student of horticulture, for it is surely not proposing too much 
to suggest that he should be equipped with some knowledge of the 
important diseases of horticultural crops caused by eelworms. I believe 
I am right in saying that, at the present time, there is no university, 
agricultural or horticultural college in the world which provides for such 
instruction as I have attempted to show is so much to be desired. 
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THE QUANTITATIVE DISTRIBUTION OF BORON IN 
VIC I A FABA AND GOSfiYPIlJM HERBACEUM 

By R. C. McLEAN anu W. L. HUGHES 
(Department of Botany, University College, Cardiff) 

Introduction 

Beginning with the well-knowu work of Warrington (9) in 1923 and 
Brenchley and Warrington (2) in 1927, a considerable amount of work has 
already been done upon the boron requirements of certain plants, with 
regard to the morphological and anatomical and, to a lesser extent, the 
physiological efiects consequent upon variation in the boron dosage. A 
wider survey by Sommer and Lipmand) showed that boron requirement 
was very widespread among angiosperms. Its importance, if not its 
essential character, as an clement of plant nutrition, in at least a large 
number of species, may be regarded as firmly established. 

Boron starvation leads to definitely pathological symptoms. On the 
other hand, there is some evidence (Johnston and Dore(3), Morris (5)) 
that, within limits, growth may be quantitatively related to the amount 
of boron present, which points to the absorption of boron by the plant. 

The present work starts from this point, and is an attempt to push 
the question a stage further by quantitative determination of the 
distribution of boron in the tissues. Such information may act as a 
check upon physiological speculation and provide data for experimental 
investigation. 

The amount of boron tolerated in culture solutions is so small, lying 
between limits of the order of 0*5 x 10~^ and 0-5 x 10“®, that it is obvious 
that only a very delicate analytical method will serve, even though some 
c’oncentration of boron in the tissues is to be expected. It is, therefore, 
necessary to use plants which have a high boron tolerance, and to increase 
the concentration supplied as far as possible. The broad bean, Vida Faba, 
is the classic plant of Warrington’s first researches, and was chosen as 
the chief experimental material, but this was supplemented by some 
analyses of Gossypium herbacemn, which has an even higher boron 
tolerance than Vida. As microchemical tests are not applicable in this 
case, analyses have been made of alkaline extracts of ashed tissues by a 
modification of the very sensitive colorimetric method of Cassell. 
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Experimental method : extraction 

When a solution of curcumin, or turmeric acid itself, is added to a 
comparatively dilute solution of boric acid or borax, an intense red 
coloration is produced, which decreases in intensity with dilution, passing 
through orange, pink and yellow and gradually disappearing. A more 
intense coloration is obtained when boric acid reacts with oxalic acid and 
curcumin in the dry. The method was devised by Cassell in 1903, and is 
well suited for the estimation of boron in small quantities. Concentrations 
of boron trioxide as low as 0*000002 gm. (2y) per c.c. can be estimated by 
this method, full details of which are given by Cassell in the Chemical 
News (1907). 

The method was intended by Cassell to determine the amount of 
boron in foodstuffs. It proved unsatisfactory, in its original form, for 
the estimation of boron in green plants, and the following method was 
elaborated instead. 

The plants or plant organs are very carefully washed free of all 
adhering soil material. To ensure thorough removal of the soil the plants 
were allowed to soak for a few days. Great care must be exercised to 
avoid injury or death of the plants at this stage, since a loss of boron by 
exosmosis would be involved. The plants are then carefully dried with 
filter paper and desiccated to constant weight in an air-oven at a tempera- 
ture of 140° C. A known quantity of the material was then taken for the 
estimation of boron. Following Cassell’s original method, it was found 
that, when the material is made strongly alkaline with barium hydroxide, 
then evaporated to dryness and the residue acidified with HCl and extrac- 
ted with several successive portions of hot water, the filtrate obtained 
was darkly coloured by decomposition products of chlorophyll, etc. This 
dark colour could not be removed with animal charcoal, since the latter 
would adsorb the boron. Therefore the dry material was rendered strongly 
alkaline with a saturated solution of barium hydroxide, gently evaporated 
over a Bunsen flame to dryness and then more strongly heated to de- 
compose the organic substances and remove the carbon. Cassell dis- 
covered that, in spite of the low volatility of boric acid, there is an 
appreciable loss in evaporation and in ignition unless barium hydroxide 
is added. Too intense heat results in a loss of inorganic matter, but the 
carbon must be entirely removed, since it interferes with the acid 
extraction of mineral elements in the ash. 

The ash is extracted with 24 per cent. HCl. The crucible is then 
washed out with dilute HCl to remove adhering traces of mineral matter, 
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and the acid solution is made up to 100 c.c. Of this solution 10 c.c. are 
used in the following manner. 

The 10 c.c. are transferred to a clean, dry evaporating dish. An 
alcoholic solution of curcumin (0*25 gm. in 250 c.c.) is then added drop 
by drop, until the further addition of one drop no longer produces any 
increase of red colour. Then a saturated aqueous solution of oxalic acid 
is added, drop by drop, till the red coloration disappears. Boron is present 
in the root in such minute quantities that no red colour is obtained when 
curcumin is added to the acid extract. In this case curcumin should be 
added till no further yellow colour results. Two to three drops are usually 
sufficient and ^ c.c. of oxalic acid is then added, with 15 gm. of silver sand, 
which has been extracted wuth hydrochloric acid for 2 days and thoroughly 
washed and dried. The contents of the dish are evaporated on a water- 
bath. 

It should be emphasised that the experimental error increases with 
the number of stages in a reaction. CasselFs original method at this stage 
is laborious and inconvenient, and comparison of the two methods showed 
that evaporation on a water-bath is the more satisfactory of the two. On 
the other hand, it must be borne in mind that the reaction between 
Bg O3 , curcumin and oxalic acid occurs at the drying point. It is necessary, 
therefore, to ensure thorough mixing, intimate contact, and gentle 
evaporation. A watch-glass is placed over the dish to prevent loss through 
spitting. The red pigment in the residue is of unknown constitution, but 
is probably very complex. It is finally extracted with 70 per cent, 
alcohol and the amount made up to 100 c.c. 

Experimental method : colorimetric determination 

A standard solution of known concentration is prepared. 2*886 gm. 
of Na2B40a. lOHgO is equivalent to 1*0 gm. of BgOg. If this quantity of 
borax is dissolved in a litre of distilled water, then each c.c. will contain 
0*001 gm. of BgOg. Of this standard solution 10 c.c. are treated in the 
manner described above and the red colour extracted with 70 per cent, 
alcohol, and made up to 100 c.c. as before. 

Preliminary comparison is effected by dilution of the extract from the 
standard, till the intensity of colour is a little less than in that from the 
unknown solution. The solutions must be compared in test-tubes of equal 
cross-sectional area, against a white background. It should be noticed 
that Cassell’s method of adding a drop or two of curcumin at this stage 
to equalise the tints is unsatisfactory. Great care must be taken to add 
just enough at the initial stage, since it is extremely difficult to compare 
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different tints of different intensities. Accurate determinations of the 
intensities were made with an Autenrieth-Hellige wedge colorimeter, 
which consists essentially of a rectangular receptacle to hold the standard 
solution and a glass wedge nmning on a scale (representing the depth of 
solution in the wedge, in millimetres 1 0) to hold the unknown solution. 
Two samples of the standard are themselves first matched and the reading 
observed. The wedge is thoroughly dried and filled with the unknown 
solution, which should be a little stronger than the standard. The point 
at which they match is noted and the weight of B2O3 per c.c. of the un- 
known solution is then determined in the following manner. Suppose 
that the diluted standard contains 0*0001 gm. of BgOg per c.c. and matches 
with itself at 12*1 mm. on the colorimeter scale, and that it matches 
with the unknown at 7*3 mm. Then the weight of BgOg in grams per c.c. 
of the imknown solution 


0*0001x12*1 

7*3 


= 0*0001658 gm./c.c. 


The weight of BgOg in the original solution may then be readily deter- 
mined for purposes of comparison as a percentage of the original dry 
weight of the plant material. 

In concluding these observations on the experimental method, it is 
necessary to emphasise that scrupulous care must be taken to avoid 
contamination with boron from an extraneous source. All the chemicals 
used were of the B.D.H. standard of A.R. purity, and were all tested for 
the presence of boron with negative results. 


Tests of the experimental error 
The experimental error involved in the process was determined in the 
following manner. Ten c.c. of a solution, containing 1 part of boron tri- 
oxide (B2O3) in 1000 parts, were diluted to 100 c.c., and 10 c.c. of this 
solution were operated upon in the usual manner. The red precipitate 
obtained was dissolved and made up to 20 c.c. The operation was 
repeated on another 10 c.c. and the red solution obtained again made up 
to 20 c.c. Each c.c. of these solutions should contain 0*00005 gm. of 
B2O3 per c.c., whereas, by comparison with solutions of known concen- 
tration they were found to contain respectively 0*0000482 gm. of B2O3 c.c. 
and 0*0000448 gm. per c.c. These two observations show an average error 
of 7 per cent, (less than one integer) in the fifth decimal place. In the 
following tables the weights of boron found are, therefore, treated as 
significant to four places. They are to that extent also consistent among 
themselves. 
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Cultural methods and conditions of growth of plants 

In order to evaluate the effect of varying concentrations of boron in 
the medium on its distribution in the plant, the plants were all grown in 
sand. The sand was first washed very thoroughly with tap water and then 
with distilled water. It was also sterilised by steaming for a half an hour 
on three consecutive days. The sand was placed in unglazed pots which 
had also been thoroughly cleansed. The plants were watered daily with 
the following three-salt solution. 

Weight-molecular solutions were made up of potassium hydrogen 
phosphate (KH2PO4), calcium nitrate (Ca(N03)2) magnesium sulphate 
(MgS04). From these, 180 c.c. of KH2PO4 solution, 50 c.c. of Ca(N03)2 
solution, and 150 c.c. of the MgS04 solution were mixed and made up to 
10 litres with water. A suspension of ferric phosphate in the proportion of 
2 gm. per 100 c.c. of water was added at the rate of 10 drops to each 
litre of solution. The seeds were germinated in situ in the sand. 

The culture pots of each species used were divided into two lots. One 
lot. was watered, in addition to the above, with a solution of borax con- 
taining B2O3 in the proportion of 1 in 5000 (0*02 per cent.), and the 
other lot with an equal amount of a solution of borax of a concentration 
of 1 in 50,000 (0*002 per cent.). The plants were maintained at an even 
temperature in an electrically heated and regulated culture chamber in 
a greenhouse. 

Whereas boron trioxide at a concentration of 1 in 5000 proves fatal 
in water culture, plants grown in sand, when watered with solutions of 
this concentration, show healthy growth, until the plant is six nodes or so 
high. The cotton plants, however, died before the third node was deve- 
loped, when grown in 1 in 5000 BgOg, even in sand. 

Experiments and results 
A. Vicia Faba, watered with I in 5000 B2O3 

Experiment 1. 

Four lots, A, B, C and D, of healthy plants, six nodes high, were dried 
at 110° C., and each lot divided into three fractions: leaves, stems and 
roots respectively. These were ashed, separately, and operated upon as 
outlined above. The weight of boron present is expressed in the third 
column of Table I, as a percentage of the dry weight. 

Taking each type of organ separately, the aveiage percentage contents 
of BgOg are: Leaves, 0*225 ±0*012; Stems, 0*045 + 0*0029; Roots, 0*003 + 
0*0002 (standard errors in each case). The last figure is probably too small 
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to be reliable, though the four analyses agree well together. The amount 
in the root is, at any rate, of a much smaller order than in either stem or 
leaf. 

Table II gives the total dry weight of the plants in each lot, the total 
weight of boron trioxide in the plants, and the corresponding percentage 
of boron present in all organs taken together. 





Table 1 





Dry \^t. 

Wt. of BjOg 

BjOg 



Organs 

in gm. 

in gm. 

% 

A. 


Leaf 

4-980 

0-0105 

0-210 



Stem 

7-670 

0-0035 

0-050 



Root 

2-730 

0-000 1 

0-003 

B. 


Leaf 

5-634 

0-0133 

0-240 



Stem 

8-367 

0-0043 

0-050 



Root 

2-912 

0-0001 

0-004 

C. 


Leaf 

7-536 

0-1509 

0-200 



Stem 

11-328 

0-0043 

0-040 



Root 

3-864 

0-0001 

0-003 

D. 


Leaf 

9-132 

0-0233 

0-250 



Stem 

13-458 

0-0056 

0-040 



Root 

4-345 

0-0001 

0-003 




Table 11 




Total dry wt. of 

Total wt. of Average BjDj 



plants in gm. 

BjOjj in gm. 

% 


A. 

15-380 


0-0141 

0-092 


B. 

16-913 


0-0177 

0-105 


C. 

22-728 


0-0207 

0-091 


D. 

26-935 


0-0292 

0-108 


Totals 

1 . 81-956 


0-0817 

0-396 


The average percentage weight of boron trioxide for the dry weight 
of the whole plant is 0*099 ±0*005 per cent, (standard error). 

From this preliminary experiment it is obvious that boron is stored 
in the leaf tissues. The concentration of boron in the leaves is over five 
times the concentration in the stem. 

The concentration in the root is very low, so low that it is very diffi- 
cult to estimate accurately, and the results lie within the limits of experi- 
mental error. 

Experiment 11. Estimation of boron in primary and secondary roots. 

The roots were very carefully raised from the soil and washed. They 
were then divided into two lots, one lot consisting of primary roots and 


Table III 



Dry wt. in 

Wt. of B,0, 

B,0. 

Organs 

gm. 

in gm. 

O/ 

/o 

Primary roots 

3-567 

0-0001 

0-003 

Secondary roots 

1-230 

0-00005 

0-004 
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another lot of secondary roots. These were operated upon in the usual 
manner, and the resulting solutions were compared with the standard 
solution (Table III). The difEerence found is probably not significant. 

Experiment III. Estimation of boron in the petiole. 

Three samples of petioles, including the stipules, were dried, ashed 
and operated upon as usual. Analysis by comparison with the standard 
solution gave results shown in Table IV. 



Table IV 


Dry wt. in 

Wt. of BgOj, 

B,(), 

gm. 

in gm. 

0 

0 

3-285 

0-0028 

0-087 

5-165 

0-0040 

0-078 

2-372 

0-0016 

0-070 


The concentration of B 2 O 3 in the petiole is higher than the concentra- 
tion in the stem. It is intermediate in value between the leaf and stem 
concentrations. 

A number of experiments were performed to obtain data on the distri- 
bution of boron in the stem alone. 

Experiment IV. Concentration of boron in the stem apex. 

The apices of a number of healthy plants were removed, dried, ashed 
and operated upon. The results shown in Table V were obtained. 



Table V 


Wt. of apioen 

Wt. of Tl,(), 

BjOg 

in gm. 

in gm. 

0 

0 

0-022 

0 0006 

0-098 

1 -238 

O-OOIO 

0-083 


The concentration of boron in the shoot apex is almost exactly twice 
the average concentration of boron for the whole stem. Therefore, there 
is either an ascending gradient of boron in the stem or a local concentration 
of boron in the apex. 

Experiment V . Gradient of boron in the shoot. 

The amount of boron in successive nodes and internodes was estimated. 
A number of healthy plants about six nodes high were selected. The 
shoots were divided into five fractions. The first fraction consisted of the 
first node and internode below the apex of each plant. The term ‘‘node” 
is here meant to include a pair of leaves at the node with their accompany- 
ing stipules. 


16-2 
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The second fraction consisted of the second node with its accompany- 
ing leaves and the internode below. 

The third fraction consisted of the third node, leaves and internode 
and so on. 

These five fractions were separately dried, ashed and estimated, with 
results summarised in Table VI. 


Table VI 


No. of 

Wt. of frartionH 

Wt. of BjOg 

B,0, 

fraction 

in gm. 

in gm. 


1 

2-653 

0-0027 

0-104 

2 

2-967 

0-0037 

0-124 

3 

3-446 

0-0047 

0-1,37 

4 

4-] 82 

0-0066 

0-159 

5 

5-039 

0-0095 

0-189 


It appears that the concentration of boron is directly proportional to 
the age of the node and the subtending leaf. These results tend to disprove 
the hypothesis that there is a regular diminution of boron in the stem from 
apex to base. There is a concentration of boron in the apex, but otherwise 
the distribution in the shoot shows a regular basiscopic increase of 
concentration. 

Experiment VI. Estimxttiem of boron in the seed o/* Vicia Faba. 

A number of seeds of average size, from plants grown in ordinary 
soil were ground up, dried, ashed, etc., and the amount of boron estimated 
as usual. Table VII summarises the results obtained. 


Dry wt. of seeds 

Table VII 

Wt. of 

BsOa 

in gm. 

in gm. 

% 

9-236 

0-0066 

0-072 

18-685 

0-0011 

0-063 

26-862 

0-018 

0-068 


The boron is confined to the cotyledons. Analysis of the seed coat 
gave negative results. 

Experiment VII. Distribution during germination. 

A number of broad bean seeds were germinated partially submerged 
in distilled water. The water was previously tested and was found to be 
devoid of boron. The tips of the plumules were removed as soon as they 
became green. If any boron is found in the tip then it must be derived 
from the cotyledons. Estimation of the tips gave the results shown in 
Table VIII. 
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Wt. of B,0, B,0, 

Dry wt. in gra. in gm. % 

1*384 (plumule) 0*0003 (pi.) 0*035 (pi.) 

7*658 (cotyledon) 0*0028 (cot.) 0*036 (cot.) 

(after germination) 

There appears to be a migration of boron from the cotyledons to the 
plumule during germination. The average percentage of BgOg in the seed 
is 0-068. The percentage in the plumule is 0-025. The total percentage in 
germinated seed and plumule only is 0-061 . The remaining 0*007 per cent, 
is distributed between the lower portion of the plumular axis and the 
young radicle. The significance of this result will be referred to under 
‘‘Conclusions”. 

The following experiments were conducted on plants of Vida Faba 
watered with solutions containing 1 in 50,000 boron trioxide. 

Expert W4^7U VJ II. Bean plmits in hnv boron coiicetitraiion. 

A number of healthy plants were divided up into three lots; lot (1) of 
leaves, lot (2) of stems, and lot (3) of roots. These lots were analysed 
separately, and gave the results shown in Table IX. 


Table IX 




Dry wt. in Wt. of BjO 

3 D 2 O 3 


Organs 

gm. 

in gm. 

0 

/O 

A. 

Leaves 

3*634 

0*0059 

0*16 


►Stems 

5*825 

0*0011 

0*02 


Koots 

1*962 

0*0001 

0*002 

n. 

Leaves 

.)*7:{3 

0*0070 

0*12 


Stem 

9*521 

0*0013 

0*01 


Koots 

3*016 

0*0001 

0*002 

Percentage of B2O3 in 

whole plant grown 

in \ in 

50,000 B 2 O 3 


Weight of plants 

Wt. of >3 

B,() 

3 


in gm. 

in grn. 

”0 



29*691 

0*0154 

OOii 

» 


Comparing this percentage with that found in Table II, we see that, 
although the relative concentration of the solutions was 1:10, the ratio 
of concentration in the tissues is only 1 : 1*9. 

Experiment IX. Stem apex at low boron co-ncsntratioti. 

The apices of a number of healthy plants, grown in 1 in 50,000 BgOg 
were removed, divided into two lots, and ashed. The results obtained are 
shown in Table XI. 
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Table XI 


Dry wt. in 

Wt. of BjOg 

B,0, 

gm. 

in gm. 

% 

1-4652 

0-0011 

0-08 

0-8763 

0-0006 

0-07 


Comparing these figures with those in Table V, the ratio of concentra- 
tion is seen to be 1 : 1*3 as compared with a solution ratio of 1 : 10. Both 
results point to a relatively greater absorption of boron from the more 
dilute solution supplied. 

B. Gossypium herbaceum 

Determinations of the distribution of boron in the cotton plant were 
also made.^ The plants were grown, as before, in two different concentra- 
tions of B2O3, viz. 1 in 5000 and 1 in 50,000, but the plants growing in 
1 in 5000 BgOg did not thrive beyond the seedling stage. 

Experiment X. Estimation of boron in cotton seed. 

The seeds were crushed, thoroughly dried and then analysed as usual, 
the results being shown in Table XII. 


Wt. of seeds 

Table XII 

Wt. of 

BgOg 

in gm. 

in gm. 

% 

2-535 

0-0011 

0-042 

3-417 

0-0013 

0-036 

5-258 

0-0021 

0-039 


Experiment XL Boron content of cotton seedlings. 

The seedling consisted of the paired seed leaves, young shoot and 
radicle. The seedlings were grown in 1 in 5000 BgOg. They were divided 
into two lots and each lot into three fractions, leaves, shoots and roots, 
which were then analysed independently. The results are given in Table 
XIII. 


Table XIII 




Dry wt. in 

Wt. of BgOg 



Organs 

‘gm. 

in gm. 

0 / 

/O 

A. 

Leaves 

2-780 

0-0068 

0-250 


Stem 

2-162 

0-0011 

0-050 


Roots 

1-630 

0-0001 

0-003 

B. 

Leaves 

1-857 

0-0046 

0-260 


Stem 

1-623 

0-0010 

0-060 


Roots 

0-952 

0-0033 

0-003 


Totals A and B 

10-994 

0-0169 

0-616 


^ Seed of two varieties: American Upland, in the fifth home-grown generation, and 
Egyptian Sakellarides direct from the Sudan, was very kindly supplied by Prof. R. H. 
Stoughton. ' 
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The average percentage content for all organs taken together is 
0*103 ± 0-002, which is slightly, though probably not significantly, higher 
than in the broad bean (0*099 per cent.). 

Experiment XII. Cotton in low boron concentration. 

A quantity of cotton plants, about three nodes high, was divided into 
three frat'tions, leaves, steins and roots. These plants had been watered 
with a solution of BgOg of concentration 1 in 50,000. The fractions yielded 
the results shown in Table XIV. 

Table XIV 



Dry Mt. in 

Wt. of BjOj, 

B*0, 

Or^^anH 

gm. 

in gm. 

0/ 

/o 

Leaves 

2 980 

0 0050 

0-19 

Stems 

S 07.3 

0 0012 

003 

RootH 

1 870 

0 mn 

0 003 


(Comparing, as before, with the broad bean, the ratios of concentration 
found in the tissues with those in the nutrient solutions, we find that the 
ratio of boron concentration in the solutions was 1:10, while the ratio 
in the tissues is only 1 : 1*44, so that, as in the case of the bean, there is 
relatively greater absorption from the more dilute solution and that in 
about the same degree in both cases. 

Conclusions 

The foregoing results are presented by the authors simply as a work 
of analysis, for the provision of necessary data. While the spectroscope 
has shown the constant presence in living tissues of traces of elements 
not deemed essential in the past, the development of quantitative colori- 
metric methods of great delicacy will make it possible to get more in- 
formation about the storage and utilisation of these “accessory” 
substances, especially aluminium and manganese. 

Boron is absorbed in such exceedingly small amounts that it cannot 
be regarded as being on a par with the kations which form the regular 
mineral nutriment of the plant, potassium, magnesium, phosphorus, etc. 
It must act in some manner as an accessory substance, possibly as itself 
a catalyst, like manganese, or, more probably, as an activator or regulator 
of other catalysts. 

In whatever manner it enters the plant, its internal distribution is 
perfectly definite. The higliest concentration is in the leaves, increasing 
with the age of the leaf ; the next highest concentration is in the petioles, 
which is almost the same as that in the stem apex, the rest of the stem 
having a much lower content and the roots the lowest of all. The per- 
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centage of boron in the older leaves rises so high that it is difficult to 
avoid the conclusion that it must be stored, at least in part, in an inert 
form. 

In view of this fact it is curious that no one has recorded an effect of 
boron deficiency on leaves, though Johnston and Dore(3) and McHargue 
and Calfee (4) record marked necrosis of the stem apex and Sommer and 
Sorokin (8) pathological changes in the root apex as a result of boron 
starvation. The first named found leaf injuries due to boron excess, and 
they remark that there is an increase of dry weight in plants grown with 
boron, the increase being in the order leaf, stem, root. 

The concentration in the seed cotyledons is intermediate between that 
of stem and leaf in the growing plant. 

Such a distribution might be attributed to passive concentration by 
means of the transpiration current, were it not for two things. Firstly, 
the fairly high concentration in the bean cotyledons (average 0*067 per 
cent.) which is well above the concentration (0*045 per cent.) in the stem 
tissues, from which flower and seed are derived. It is well established that 
a developing secondary axis uses the subtending leaf as a source of sugar, 
and it seems probable that boron is, in this case, withdrawn from the leaf 
by the developing axillary flowers, and may perhaps be necessary before 
fruit can set. Secondly, there is the fact that in germination, part of this 
stored boron goes to the radicle and does not follow the transpiration 
path to the plumular apex. This indicates that diffusion must effect 
distribution, to some extent independently of transpiration. 

Selective absorption is also indicated by the higher proportion of 
boron absorbed from more dilute solutions, so that, in some cases, the 
concentration in the tissues is almost as high in plants grown in 1 in 
50,000 solutions as in those from 1 in 5000 solutions. A similar propen- 
sity is shown by the amount of boron in the seed (cotyledons) above 
referred to, which was found in stock seed, from plants grown in ordinary 
garden soil, in which the concentration of boron is very low, probably of 
the order of 1 in 100,000. 

The steady increase of boron concentration, from the youngest leaves 
downwards, does not suggest the fluctuation which would be expected if 
boron were only a temporary occupant of the leaf cells, liable to trans- 
location with other food materials to other parts of the plant. It rather 
suggests, on the contrary, that it is stored progressively in the leaves and 
in the apex of the shoot, the main centres of constructive metabolism. 
This progressive local concentration, again, does not accord with the idea 
that boron is a nutritive element in the ordinary sense, but rather with 
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the view that it is related to the metabolic syntheses as an activator. 
There is some evidence to show that theC : N ratio in the tissues is reduced 
by the application of excessive amounts of boron and that this is due to 
reduction of carbohydrate formation, not to increased nitrogen assimila- 
tion, in spite of the fact, in the opposite sense, that boron starvation 
restricts the nodule formation on bean roots (Brenchley and Thornton (i)). 

The basiscopic gradient also accords with Warrington’s observation 
that older bean plants were less susceptible to excess of boron than young 
plants, which may perhaps be due to their greater carbohydrate reserves. 

Schmucker(6) suggests that boron compounds with sugars, or other 
hydroxyl-containing substances, may enter into the formation of cell 
membranes. If this were so, the older stem tissues should show a higher 
boron content than the apex, as the older leaves have a higher content 
than the young ones^ but the reverse is the case. 

A connection betwecm boron content and cambial activity is, further, 
suggested by the boron concentration in the apical tissues and in the 
leaves, which strongly induce cambial growth in the stem beneath them, 
and by the degeneration of vascular tissue which follows boron deficiency 
( Warrington (lO)), as well as by the stimulus which it gives to nodule 
formation on the roots. The leaf effect on cambial activity is shown by 
plants in the dark and cannot, therefore, be due to photosynthetic 
products. 


Summary 

1 . The content of boron in the tissues of plants, grown in solutions of 
known concentration, has been ascertained in Vida Faba and Gossyjdum 
herbaceum. 

2. The distribution of boron is regular and definite. The highest 
percentage, per unit of dry weight, is in the leaves, increasing regularly 
with the age of the leaf. The petioles and the stem apex are approximately 
equal in percentage content, and have both approximately double the 
stem concentration. The roots have much the lowest concentration, only 
0-07 of that in the stem. 

3. This distribution of boron does not appear to be entirely due to 
passive transportation in the transpiration current. 

4. Boron is also present in seed grown on ordinary soil, but is con- 
fined to the cotyledons, the percentage content, in Ficia, being 50 per 
cent, above that of the plant stems. 

5. The amounts of boron absorbed are extremely small, though there 
is some storage in the tissues, and they are not directly dependent on the 
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concentration supplied. The amounts are too small to allow of boron being 
regarded as a nutrient in the ordinary sense. Its importance is more 
probably that of an activator or regulator of metabolic processes. 
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I. Introduction 

In recent years, knowledge concerning the relationships between host and 
pathogen in the smut fungi has steadily increased, until now, the varied 
life cycles of species within this group of plant parasites are well known. 
The discovery of the widespread existence of biological specialisation has 
provided the opportunity for a more critical examination of host pathogen 
relationships, since a biological species will more nearly approach genetic 
purity than the taxonomic species as a whole. 

^ ThiH work, which waa carried out under the direction of Miss K. SampBon while the 
writer was holding a Ministry of Agriculture Research Scholarship 1933-5, represents part 
of a scheme of work pursued at the University College of Wales, Abeiystwyth, in prepara- 
tion for the Ph. D. degree. Parts I-lII of this series appeared in earlier numbers of this journal 
(see Sampson (13, 14, 16)). 
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Reed (9) in the United States and Miss Sampson (12) in Wales, working 
with Ustilago Avenae and U. Kolleri, proved the existence of distinct forms 
which differed in a consistent manner on selected varieties of oats. In 
work of this t)rpe, the presence or absence of smutted panicles is the 
criterion used for establishing the resistance or susceptibility of the host 
varieties, but it is now realised that plants which appear to be com- 
pletely immune from attack, when judged on this basis, may yet contain 
living mycelium of the parasite (Brefeld(3), Kolk(S), Samp8on(i5)). Why 
this mycelium fails to produce spores in the panicles is not, as yet, 
understood. Brefeld held the opinion that it failed to develop at a rate 
sufficient to enable it to reach the young meristems before the surround- 
ing stelar tissue hardened and so cut off access to them. It seems prob- 
able, however, that the problem is a complex one and is intimately 
linked with inherited degrees of resistance on the part of the host and of 
virulence in the fungal invader. 

Brooks (4) has recorded the fact that oats in fields apparently free 
from loose smut sometimes throw up, after harvest, weak tillers, which 
are almost completely smutted, and MelchersiS) found tliat by cutting 
back healthy heads of sorghum plants he frequently obtained axillary 
shoots infected with kernel smut {Sphacelotheca sorghi). Melchers states 
that really resistant or immune varieties of sorghum do not react to 
mutilation in this way, and he therefore concludes that such plants do 
not contain mycelium in their tissues. In an earlier paper of this series, 
Miss Sampson (15) recorded results of a microscopical study of the progress 
of the mycelium of “virulent’' and “ non-virulent ” forms of Ustilago 
Kolleri within the tissues of a selected line of A vena strigosa, showing that 
even an apparently resistant oat may carry the smut parasite in its basal 
parts up to a relatively advanced age (11 weeks). In the same paper it 
was suggested that oat varieties might possibly be classified according to 
their resistance to invasion by smut mycelium. The present work, which 
is a continuation of Miss Sampson’s experiments, was undertaken with 
the object of obtaining further evidence bearing upon this question, and 
below are recorded results which suggest that definite “grades of re- 
sistance” do occur in oat varieties attacked by biological species of smut 
fungi. Within these grades, varieties have been found which range from 
total susceptibility to a resistance which almost amounts to true 
immunity. 
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II. Material and methods 

The experiments may conveniently be divided into two groups, 
namely : 

(1 ) A study of two biological species of Ustilago Avenae attacking two 
host varieties so chosen that each could be examined in a resistant and 
a susceptible condition. 

(2) The penetration and infection of the highly resistant variety 
Markton by six strains of loose and covered smut. 

In the first group the two varieties of oats selected were (a) a selection^ 
of the variety Potato (Avena saiim, Ref. No. 2855) and (b) a selection of 
Welsh Strigosa (Avena strigosa, Ref. No. 521). These were inoculated with 
two of Miss Sampson’s collections of Ustilago Avenae to which she has 
given the serial numbers Lj and . 

For the study of Markton, three forms of both Ustilago Avenae and 
U, Kolleri were selected. All of these spore collections had been kept 
under observation for ten years and had shown, with two possible ex- 
(’eptions, consistent and distinct infection capacities throughout.^ 

The procedure was as follows: Shelled grains of the oat varieties were 
liberally dusted with the appropriate spores and planted in sterile sand, 
with a moisture content of 20 per cent., in glazed earthenware saucers. 
These wen* weighed and placed in an incubator at 22"^ C., and any loss of 
weight due to evaporation was made up by the daily addition of water 
sprayed on to the surface of the sand. Under these conditions uniform 
germination and growth were obtained. When the leaves had emerged 
from the coleoptile in the majority of the seedlings, the dishes were 
removed from the incubator and allowed to remain on window ledges at 
the ordinary room temperature. According to Roesch (11) the cessation of 
susceptibility of the seedling appears to coincide with the emergence of the 
first leaf from the cotyledonary sheath, and since this did not take place 
until the young plant was from 5 to 7 days old, the time passed in the 
incubator was adequate for the germination of the smut spores and the 
penetration of the host. Seedlings were fixed in Navashin’s fluid at 3, 7, 14 
and 21 days, cut up and embedded in wax, and microtome sections 12/Lt in 
thickness were cut and stained with a combination of Bismarck brown, 

^ TheHp oats will be referred to in this paper as ‘ Potato” and “Strigosa”. The terms 
therefore only apply to these partirular pure-line selections and not to the variety or species 
as usually understood. Tx^tters L and C followed by serial numbers refer to forms of loose 
smut {Ihiilago Arenae) and covered smut {U. KoUeri) respectively. 

* Collections Lj and have not maintained all their distinctive characters in recent' 
years. The reason for this is not yet clear, but since these two collections reacted in a 
similar manner on Markton it does not affect Mr Western's conclusions. (K.S.) 
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gentian violet and Gram’s iodine. With this stain the myceUum appears 
violet and the host cytoplasm brown, and in the case of the oat smuts dif- 
ferentiation is quite sharp and the hyphae are relatively easy to trace. From 
each batch of material a representative sample of plants was transplanted 
to boxes of soil and grown to maturity in order to determine the incidence 
of smutted panicles (Table I). The grains used were derived in each case 

Table I 

The incidence of smut on samples of the experimental 
material grown to maturity 


Ref. no. of 
sraut 

Host 

No. healthy 

No. smutted 

Smutted 
plants (% 

L, 

Strigosa 

39 

0 

0 

Li 

Potato 

2 

35 

95 

Ln 

Strigosa 

0 

33 

100 


Potato 

40 

0 

0 


Markton 

38 

0 

0 

C, 

Markton 

37 

0 

0 

c, 

Markton 

38 

0 

0 

L, 

Markton 

38 

0 

0 


Markton 

40 

0 

0 

Lu 

Markton 

38 

0 

0 


from a single plant in order to exclude the possibility of contamination by 
rogues. The primary or coleoptile node was always examined and, in 
addition, blocks containing sections of leaves and coleoptile and meso- 
cotyl were usually cut. The microscopical observations were made on 
three separate batches of plants sown on different dates, but, since these 
gave consistent results, it is unnecessary to deal with them individually. 

Text-figs. 1 and 2 were made by drawing a median section with the 
aid of the camera-lucida and including all the mycelium visible with the 
low power of the microscope in five sections, i.e. the median section and 
the two on either side of it. 

III. Presentation of results 

(1) The invasion of susceptible oats, Ustilago Avenae form on 
Avena sativa variety Potato (2855) and Ustilago Avenae 
form on Avena strigosa (521) 

Seedlings of the varieties Potato and Strigosa, infected with smuts to 
which they were completely susceptible were fixed and examined at 7 and 
21 days. As the development of the pathogen within the host was 
similar in both cases they may conveniently be described together and 
will serve to illustrate the earlier stages in a course of events which 
ultimately leads to the production of smutted panicles. 
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With one exception all susceptible plants examined at 7 days con- 
tained abundant mycelium in the coleoptile and mesocotyl, but none in 
the young growing points themselves. The individual hyphae appeared 
to be growing consistently towards the young meristematic regions of the 
seedling and were mostly intracellular at this stage, but occasional pieces 
of intercellular mycelium were present in the more deeply seated host 
tissues. It was quite usual to find long hyphal strands growing in close 
association with the phloem elements of the stele of the mesocotyl and 
coleoptile (Plate VII, fig. 2). In no instance was mycelium found crossing 
the gap between the coleoptile and the first true leaf. In older cells 
which had become vacuolated the individual hyphae were often found to 
be devoid of contents. Such empty portions of mycelium were common 
in both resistant and susceptible varieties. 

A study of the parasitisation of the susceptible variety Victor by 
Ihlilago Avenae has been made by Kolk{S), in which she describes the 
association of hyphae and host cytoplasm. This relationship was evident 
in the varieties examined in the present work, for the host cytoplasm was 
usually found to be intimately associated with a hypha passing through 
the cell. There was no indication that either the host or pathogen 
suffered from this contact but, on the contrary, both appeared to be 
normal and the mycelium grew rapidly. In susceptible seedlings 3 weeks 
old, the young growing points w’ere alw’ays found to be heavily infected 
with mycelium consisting of numerous, short, thickened and branched 
hyphae which appeared to be lying among the cells rather than actually 
penetrating the walls (Plate VII, fig. 1). 

(2) The invasion of resistant oats. Ustilago Avenae forin on 
Avena strigosa (521) and Ustilago Avenae /orw Ln on 
Avena sativa variety Potato (2855) 

The examination of the resistant hosts was made on seedlings fixed 
after 3, 7, 14 and 21 days. In both cases selected for study, the smuts 
succeeded in penetrating the epidermis of the host and in giving rise to 
mycelium which developed rapidly, particularly in the parenchyma of the 
coleoptile. Successful penetrations were, however, definitely more 
abundant in the case of strain parasitising Strigosa, and the resulting 
mycelium was more plentiful. 

As far as it was possible to ascertain, the infection hyphae appeared 
to be produced from the germinating spores directly and not from 
sporidia. Several chlamydospores were observed in which the pro- 
mycelium, or an equivalent structure, was definitely penetrating the cell 
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wall. Penetration is shown in Text-fig. 3, but in this example sectioning 
has removed the spore. Once inside the epidermal cell wall, the entering 
infection hypha usually swells to form a funnel-shaped vesicle, which, 
while still living, does not take up the violet stain. No response of the 
host cells to the entry of hyphae could be detected in these two cases. 
The swollen portion tapers, giving rise to an ordinary mycelial strand 
which traverses the coleoptile at right angles and penetrates the cell 
walls as it encounters them. At these points the hyphae are swollen 
(Plate VII, fig. 4). After passing through two or three cells in this man- 
ner, the hyphae usually change their direction and grow parallel with the 
long axis of the coleoptile. The fact that quite long pieces of mycelium 
were found in seedlings 3 days old suggests that penetration must have 
been effected only a very short time after the grains were planted. 

The examination of the older resistant seedlings proved particularly 
interesting, since it soon became apparent from the 7-day material that 
form on Potato was unable to develop to the same extent as on 
Strigosa, even though both of these hosts appear completely resistant to 
these particular strains of smut when the absence of smutted panicles at 
maturity is taken as the criterion. 

The invasion of Potato by strain will be described first. Seedlings 
of this variety a week old showed numerous empty hyphae and some- 
times a discoloration of host cells. Normally the presence of smut 
mycelium appears to have no ill effects upon the host cell containing it. 
This was noticed by Lutman(7) and Kolk(6), both of whom studied 
susceptible varieties. In the case of the resistant varieties now under 
discussion there were indications that this does not always hold. In 
addition to the empty and apparently dead hyphae already mentioned, 
many swollen portions of mycelium were present, often closely surrounded 
by layers of the host cytoplasm. This enlarged and degenerated mycelium 
appeared to be ultimately ingested by the host cells. 

Material fixed at 14 days and later was almost devoid of mycelium, 
traces of degenerated hyphae occurring in the coleoptile and mesocotyl 
only. It seems that very little mycelium of strain develops an inter- 
cellular habit of growth on the variety Potato. 

Strain Lj parasitising Strigosa (521) differed from upon Potato in 
certain particulars. It was apparently able to persist and develop to a 
much greater extent. In seedlings sectioned after 7 days, intracellular 
mycelium which appeared to be quite healthy was found to be plentifully 
distributed throughout the coleoptile and mesocotyl. In sharp contrast 
to plants of Potato inoculated with strain all of the 14 days old 
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seedlings of Strigosa infected with strain Lj were found to contain 
mycelium. This was both intra- and intercellular in nature and was for 
the most part associated with the stelar tissue (Plate VII, fig. 5). Occa- 
sionally hyphae were present in the base of the node (Text-fig. 1) but 
not near the young growing point itself, access to which appeared to be 
prevented by a compact block of regularly shaped cells, extending in an 
arc formation and effectively cutting off the young leaves and growing 
point from the tissues immediately below them. In no case was mycelium 
observed among these cells. The most healthy-looking hyphae growing 
towards the node have been photographed and are shown in Plate VII, 
fig. 3. It will be noticed that they are growing in close association with the 
stelar tissue of the mesocotyl and appear to be quite vigorous. 

In no case was the growing point of a 21 -day plant invaded by 
mycelium, and that present in the mesocotyl and coleoptile showed signs 
of degeneration. Much of it was swollen, usually more or less branched, 
and chiefly confined to the stelar tissues of the mesocotyl (Text-fig. 2). 

(3) The ivvasio7( of Markton bij Ustilago Avenae (forms 
Lj,) and U. Kolleri (forms C^) 

Markton, a variety of A vena saliva, has always proved to be highly 
resistant, and at Aberystwyth has never produced smutted panicles when 
inoculated with any of the biological species of smut under discussion. In 
spite of this apparent immunity, mycelium succeeds in penetrating the 
young seedlings and may persist for some time in certain regions of the 
host plant. 

A microscopical examination of the early stages of the penetration and 
invasion of this host by six collections of smut has been made and the 
results are recorded below. 

In this experiment three strains of loose smut, numbered Lj, and 
Ljj, and three strains of covered smut, Cj, Cg, and C4 were used. 

The results are of distinct interest in showing that the resistance 
offered by Markton to these smut collections is of a different order from 
that already described in the other resistant varieties invaded by the 
same biological species of smut. 

It at once became clear that the host reaction to the different smuts 
was certainly not uniform. In the case of forms Cj and L^, the spores 
germinated and gave rise to germ tubes which succeeded in penetrating 
the cuticle of the prospective host cell, but failed to make their way into 
the cell cavity. This was due, apparently, to a host response resulting in 

^ See footnote, p. 247. 
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the deposition of a pad of material which successfully prevented the 
entry of the infection hypha (Text-fig. 3, Plate VIII, figs. I and 2). A 
more detailed description of this structure is given below in the section 
dealing with the response of the host (p. 254). That this failure to cause 
infection is not due to any lack of energy on the part of forms or 
is shown by the fact that they are able to penetrate and produce abundant 



Text -fig. 1 Text-fig. 2 

Text-fig. 1. Median section of a seedling of A vcnn strujosa (.521), 14 days old, invaded l)y 
mycelium of Usiilago Avtnae, form Lj. 

Text-fig. 2. The same variety and smut but in a seedling 3 weeks old. The mycelium has 
made no further progress and the growing point remains uninfected. A = growing 
point. C' = coleoptile. A = true leaf. 3/ — mesocotyl. A' = stele. /f --root. Mycelium 
shown in red. 

mycelium on congenial hosts, even in seedlings 3 days of age (Text- 
fig. 5). 

The strain of Vstilago Kolleri, C4, differed from those already described 
in that although a host response was again evident, it took a rather 
different form, resulting in the formation of a sheath-like structure which 
did not, however, prevent the ultimate penetration of the cell by an 
infection hypha (Text-fig. 4, Plate VIII, fig. 4). The nature of this sheath 
and its development are discussed on p. 255. The germ tubes which were 
successful in escaping from the sheath gave rise to a certain amount of 
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mycelium which could be foimd in seedlings 3 days and 1 week old, but 
never at any later stage. 

The two collections of Ustilago Avenae, and L 2 , gave similar re- 
actions on Markton and may be described together. Both succeeded in 
penetrating the host epidermis and no host response could be detected at 
this stage. The infection tubes were of a uniform width and stained 
normally with gentian violet. There was no well-defined vesicle inside the 
epidermal wall in either of these strains. Hyphae were present in seedlings 



aho^ing the thjckeiung of the cell wall and the thin peg like tip of the germ tube. 
Te\t-hg. 4. Sheath surrounding the penetrating germ tube of the form C 4 . In this case 
the h>pha escapes from the sheath and passes to the inner tissues of the host. 

examined after 7 days, l)ut many of these were degenerated and the host 
cells were often markedly distorted and deeply stained. No mycelium was 
found to persist beyond 7 days. 

The course of events in the attack of strain Cg upon this host proved 
to vary considerably from that in all the other infections investigated. 
Initial penetration was characteristic (Plate VllI, fig. 5), and a well- 
defined vesicle was easily seen immediately inside the cell wall. The hypha 
to which this gave rise was usually well stained and no host response could 
be detected’. The mycelium seemed to progress easily through the cells 
of the coleoptiles of seedlings 3 days old in a manner which recalled the 

17-2 
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invasion of Potato by strain (p. 260). In plants a week old, mycelium 
could be found growing up and down the coleoptile, in addition to some 
which penetrated the parenchyma cells at right angles to the long axis. 
The host response in this case was not marked. 

In material fixed at 14 days apparently healthy mycelium was still 
found, but only in cells bordering the stele of the coleoptile (Plate VII, 
fig. 6). The individual hyphae, which were thickened and often branched, 
were especially common among the phloem elements and were mostly 
intracellular (Text-fig. 6). 

In plants 3 weeks old, traces of mycelium could be found in the 
phloem of the coleoptile, but this structure was, at this stage, becoming 
disorganised. No other strain of smut studied proved to be capable of 
surviving as long as C 2 on Markton, and, even here, the only mycelium 
persisting for any length of time was that found closely associated with the 
stele of the coleoptile. 

Taking the results as a whole, it may be said that Markton is extremely 
resistant to invasion by all of the smuts concerned, and that mycelium, 
even in the most advanced cases, is only able to survive for an appreciable 
time in the tissues of the coleoptile or the mesocotyl. It was never found 
in the base of the node or in any of the young leaf tissues. In this respect 
Markton resembles the other resistant varieties already described, but 
it is so far unique in that its epidermal wall offers an impassable })arrier 
to at least two forms of smut. 


(4) The response of the host 

It has already been stated that the response of the cell to invasion by 
smut hyphae varied according to the identity of the host and pathogen 
involved. The best example of this differential response to distinct strains 
of smut is provided by the variety Markton. Here, with forms and 
Lji, the cell wall gives rise to a pad of material which completely prevents 
the entry of the germ tube. In order to determine the nature of this 
deposit, microchemical tests were undertaken, the results of which are 
recorded in Table II. Reactions given by the pad of material resembled 
closely those of the inner layer of the epidermal wall, while the observa- 
tions made on various stages in its development suggest that it is in 
direct continuity with the cell wall (Text-figs. 3, Plate VIII, fig. 1 and 2). 
Frequently it was possible to observe in the cuticle a hole with a swollen 
margin, the position of which, when seen in section, was marked by two 
spots which stained red with Sudan HI. The reaction with chlorzinc- 
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iodide, azo-blue and iodine followed by sulphuric acid suggested that the 
pad itself is related to cellulose. 

The action of strain C 4 was rather different, in that although a 
deposit was laid down as before, it was of a different shape and did not 
react in quite the same way to microchemical tests. An early stage of 
penetration is figured in Plate VIII, fig. 3 , which shows the hole in the 
cuticle and the effect on the epidermal cell wall. Immediately inside the 



Tc\t lig. 5 . An intracellular hypha of form 011 Stngosa m a seedling days old. It has 
already trossed the coleoptilc and is iio>^ jiiogressing up the inner epidermis. 


Text-hg. d. Characteristic thickened mycelium of foim asbociated with the phloem and 
xylcm of the coleoptilc of a Mark ton seedling J 4 days old. 

wall is seen the entering tube swollen to form a pear-shaped structure with 
a peg-like outgrowth at its distal end. The host cytoplasm is invaginated 
and the plasma membrane and the limiting wall of the germ tube appear, 
in the actual preparation, as a double structure with a brownish deposit 
between them. It is apparently this material which increases to form a 
sheath-like structure, often having an undulating margin and investing 
the still visible infection tube (Plate VIII, fig. 4). The formation of this 
structure apparently proceeds along similar lines to the development of 
the haustoria in the Erysiphaceae described by Smith (lo). Fellows ( 5 ) 
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has figured protuberances in the cells of wheat invaded by Ophiobolus 
graminis, to which he has given the name lignitubers. Microchemical 
tests have failed however to reveal the presence of lignin in the present 
instance ; neither does it appear that the ingrowths are purely cellulose, 
as they do not always assume a blue colour with chlorzinc-iodide» They 
dissolve slowly in zinc chloride solution, but hot 3 per cent, sulphuric 
acid fails to affect them. 

Grant Smith observed that the material composing the distal end of 
the haustorial sheaths was of a slightly different nature from that of the 
proximal end in connection with the host cell wall. He noticed a difference 

Table II 


Microchemicxil tests upon the sheaths and deposits farmed by 
Markton in response to initial penetration by Ustilago 
Kolleri, forms and 


R(*agent 

Cuticle 

Epidermal wall 

Deposit or sheath 

Chlorzinc-iodide 

Unstained 

Blue grey 

blue grey 

C 4 grey -brown 

Iodine 

Unstained 

Yellow 

Yellow 

Iodine followed by 

Unstained 

C| Yellow changing to grey blue 

sulphuric acid 


C 4 Grey blue after some time 

Azo-blue 

Unstained 

Blue 

Cj blue 

C 4 dull blue 

Zinc chloride solution 

No action 

Dissolved slowly 

Contrac ted and dissolved 

in hydrochloric acid 


slowly 

20 % solution of po- 

No action 

8 wollcii 

Swollen and in (^4 partially 

tewsium hydroxide 



dissolved 

►Sudan III in glycerine 

Red 

Unstained 

Unstained 

and alcohol 
Phloroglucin and hy- 

Unstained 

Unstained 

Unstained 

drochloric acid 

Aniline chloride 

Unstained 

Unstained 

Unstained 

Methylene blue 

Unstained 

Blue 

Blue 

Hot 3% solution of 
sulphuric acid 

No action 

No action 

No action 


in their reaction to stains and assumed that the distal portion of the 
sheath undergoes some modification preparatory to the emergence of 
the haustorium. Similar changes may occur in this case and be respon- 
sible for the occasional differential staining of the cell wall and the 
protuberance to which it gives rise. 

Similar structures have been figured by Brefeld(3) and Wolff (2i) in 
the smut fungi, while, in addition to the work of Grant Smith already 
quoted, Allen (i) and Rice(io) have described a closely related type of 
behaviour in the penetration of the host cell by the haustoria of certain 
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strains of wheat-stem rust. These sheath formations were not found in the 
less resistant varieties studied, but occasionally the empty portion of a 
hypha which had grown well into the host tissues could be traced to its 
original point of entry, and the remains of the thin- walled primary 
vesicle seen as a rigid funnel-shaped structure which stained with 
gentian violet (Plate VII, fig. 4). 

Walter (18), in a recent paper upon the mode of entrance of Ustilago 
zeae into maize, observed that in many cases the germ tubes seemed to be 
attracted to the nuclei of the host cells, and Allen (2) has recorded a similar 
relationship between the haustoria of Pmidnia graminis and the nuclei 
of the host cells. No indications that this is true in the case of the oat 
smuts have been obtained in the present work, the germ tubes and the 
nuclei of the epidermal cells appearing to be quite indifferent to the pre- 
sence of each other. With older and degenerating mycelium, on the other 
hand, it is not uncommon to find the nuclei of several adjacent host 
cells in intimate association with a strand of mycelium (Plate VII, 
fig. 4), but it is not easy to say if this has any bearing upon the problem of 
resistance, or if it is merely a natural consequence of the maturing of 
the cell and the ensuing contraction of the cytoplasm around the walls 
and the included hyphae. 

The occurrence of sheath-like formations other than those associated 
with penetrating primary infection tubes have been recorded on several 
occasions in the smut fungi. Rice (lO) has listed some of the papers which 
contain references to them. Several examples of hyphae surrounded by 
layers of cytoplasm have been noticed in the present work, but their 
exact significance, if any, is difficult to determine since they are not 
confined exclusively to a particular host-pathogen complex. All intra- 
cellular mycelium appears to follow the distribution of the cell cytoplasm 
very closely, without, as a rule, showing any sign of disharmony with it. 
As the hyphae become more mature, however, and almost devoid of 
contents, cytoplasm tends to accumulate around them, while still older 
degenerating strands appear to be gradually ingested by the host cell and 
finally disappear. This happens more frequently in resistant varieties, but 
it is not confined exclusively to them. Sheathing of these hyphae appears 
to be a secondary effect rather than the actual cause of their degeneration, 
and it is probably those portions of mycelium which, for some reason, 
are already in an unhealthy state, which are particularly liable to 
present this appearance. If this is so it seems natural that these sheaths 
occur more abundantly in resistant varieties. 

It is well known that certain fungi invading host tissues secrete 
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substances which penetrate the cells in advance of the mycelium and 
bring about their disorganisation or death (Marshall Ward( 20 ), Allen(i), 
Walter (18)). The question arises whether some such substance may be 
involved in the case of parasitism by the oat smuts. In a detailed 
histological study of the host-pathogen relationship in Ustilago Avenae, 
Wang (19) found that occasionally the cell nuclei in advance of the 
invading hyphae may undergo some alteration before the other cell 
constituents show any modification and before the actual penetration of 
the cells concerned has taken place. Some evidence of “ action in advance ” 
has been obtained in the present investigation in Markton invaded by 
forms L^, Lg and C 4 , and to a very slight extent in the older tissues of 
Potato parasitised by form . 

Thus in seedlings of Markton, 7 days old, containing mycelium of the 
strains Lj, L 2 , and C 4 , areas of host tissue associated with the fungus 
appeared to have undergone considerable disorganisation. In such 
necrotic areas the cell walls were distinctly swollen, the protoplasm 
contracted, while both the walls and the remains of the protoplasm 
stained heavily with gentian violet. Frequently these cells were in 
advance of the parasite and had not suffered penetration by it. The fungus 
also showed signs of marked degeneration and the individual hyphae 
stained deeply (Plate VIII, fig. 6 ). Necrosis of this type suggests a 
parallel with the condition found in certain hypersensitive wheats 
attacked by stem rust (Stakman(i7), Allen (i)), but it is not sufficiently 
general in its occurrence for one to conclude that hypersensitiveness alone 
may explain the phenomenon of smut resistance in oats. In sharp 
contrast to the examples quoted there are other resistant oats {e.g. 
Strigosa invaded by form L^) in which mycelium can persist for a 
comparatively long time with no visible expression of incompatibility in 
the cells of either host or pathogen, 

IV. Discussion 

A histological study of seedlings grown from smutted grain has shown 
that varieties of oats differ widely in their powers of resistance to attack 
by smut fungi. Since these differences in behaviour are remarkably 
constant, it has been possible to classify the oat varieties studied into 
definite grades of resistance which are listed, with their distinguishing 
characteristics, in Table III. 

A resistance almost amounting to complete immunity has been met 
with in the case of Markton inoculated with the biological species Cj and 

, where the infection tube fails to pass beyond the epidermal cell wall 
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(Grade 1 ). On the other hand, the resistance offered may be so slight that 
the plants produce only smutted panicles at maturity (Grade 5 ). Inter- 
mediate between these two extremes, three further types occur, the 
characteristic features of which may be summarised as follows: 

In the case of forms C 4 , Lj , and Lg parasitising the resistant variety 
Markton, penetration of the host is successful but the development of 
internal mycelium is very slight and, in seedlings 7 days old, it is ac- 
companied by marked necrosis in the host tissues (Grade 2 ). 


Table III 


Grades of resistance shown bff certain varieties of oats to 
biological species of smut 


(imle M (layH 

1 reuctralioii fails 

2 Penetration siuress- 

ful. Myn‘liuiu in 
euleuj)tile 

Penetration suec(‘Jis- 
ful. Mycelium in 
coleoptile 

1 l*enotration micccss- 

ful. Mycelium abun- 
dant 


Host-pathog(*ri 

7 days 

Mycelium in super- 
hcial tissues imly 
Some necrosis of 
host cells 

Intracellular myce- 
lium in coleoptile 
and mesocotyl 

Intracellular iiiut- 
lium in coleoptile 
and ni(!su»*otyl 


elati<inship at 
IJ days 


M>celiuin mostly 
il(*t;enerated but 
some restricted to 
stele of coleoptile 
Mycelium both in- 
tracellular and in- 
tercellular and in 
(h'cper tissues 


As 4 above 


As 4 above 


21 days 


Kntirely aijsent ex- 
cept for isolated 
traces in coleop- 
tih* 

Kemains of myce- 
lium in mc.socotyl 
but growing point 
and mei LstiMns un- 
infected 

Mycelium verj’ a- 
bumlanl. Growing 
points and meri- 
steins heavily in- 
fected 


* See footnote, }». 217. t Sampson (15). 


Examples 
C, , Ivj,, on Markton 
*L,, E,, on 
Markton 


C, on Markton, 
on Potato 


L, on Strigosa, C 4 
on Strigosat 


L, on Potato, L„ 
on Strigosa 


A slightly less resistant type is recognised in which the smut persists 
within the host for a longer period with only slight necrosis of the host 
cells. The smut forms, Cg on Markton and on Potato, provide examples 
of this grade (Grade 3). 

Still less resistance is shown by those varieties in which the smut 
mycelium persists in an apparently healthy condition for a considerable 
period, but fails to reach the young meristematic tissues at the growing 
points. The forms and C 4 on Strigosa arc good examples of this group 
(Grade 4). 

An examination of these grades which would doubtless be multiplied 
by further study shows that the “mechanism of resistance ” developed by 
oat varieties in response to attack by smut fungi is not always expressed 
in the same way. In the first place it may be due to a failure to penetrate 
the epidermal cell of the host. This has been found in the case of Markton 
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inoculated with spores of the forms Cj and . It is of interest that both 
these collections, which induce an identical response in the hexaploid 
variety of Avena satim, Markton, normally parasitise the diploid oats, 
Avena strigosa and A. brevis. The second defence mechanism has also been 
found in Markton and takes the form of a hypersensitive reaction, some- 
what similar to that in wheat rust, which results in the rapid degeneration 
of the smut mycelium together with considerable necrosis of the host 
cells. The third and apparently most common expression of incompati- 
bility between oat varieties and smut is a restriction of the growth rate 
of the mycelium which allows the growing points to escape infection. 
This type of reaction was recognised in certain smuts by Brefeld(3) and 
Sampson (15) and in resistant wheats by Woolman{ 22 ). It has been shown 
by the writer that the depressant action does not always operate at the 
same growth stage or to the same extent in different combinations of 
host and pathogen strains, a fact which has been made use of in con- 
structing the table showing grades of resistance (p. 259). 

It is not known if the biochemical processes underlpng the three ways 
in which resistance finds expression have anything in common or if they 
are quite unrelated, but it is of interest to find them operating in one single 
disease, yet characteristic of particular combinations of variety and 
strain in host and pathogen. The work emphasises the need for a critical 
regard to purity of material in any study of parasitic relationships. 

V. Summary 

1 . The progress of the mycelium of two forms of Ustilago Avetiac 
within resistant and susceptible hosts has been described and attention 
drawn to differences between them. 

2 . Form on Avena strigosa was found to persist longer than form 

on the variety Potato, although both of these oats failed to produce 

infected panicles with these smuts. 

3. The response of the resistant variety, Markton, to attack by six 
collections of Ustilago Avevae and U. Kolleri was found to vary consider- 
ably. Forms Cj and failed to penetrate, while form Cg entered easily 
and the mycelium persisted for some time. 

4. The types of sheathing structures around the penetrating tubes 
have been found in Markton inoculated with forms and C 4 . Their 
reaction to microchemical tests was investigated. 

5. A hypersensitive reaction resulting in the formation of necrotic 
areas around the parasite hyphae has been found in Markton invaded 
by forms C4, and Lg. 
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6. The varieties studied have been classified according to the grade of 
resistance offered to particular forms of smut. Five grades have been 
described. 

7. In oats, resistance to smut is expressed in at least three ways, 

(i) a reaction of the epidermal cell wall which prevents penetration, 

(ii) necrosis of host cells, and (iii) a retarding effect on the growth of 
mycelium within the host. 
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EXPLANATION OF PLATES VII AND VIII 

PLATE VII 

Fig, 1. 33.1. a (Lji on 521). Short pieces of intercellular mycelium in the growing point of 
a susceptible oat seedling 21 days old. x 97. 

Fig. 2. 29.2. b (L^ on 2855). Long hypha with empty portion growing along the stele of the 
coleoptile of a susceptible seedling 21 days old. x 97. 

Fig. 3. 133.1. b (Lj on 521). Mycelium associated with the stoic in the bas(‘ of the node of 
an oat seedling 14 days old, belonging to a variety which shows mature resistance. 
x97. 

Fig. 4. 131.1. 6 (Lj on 521). Funnel-shaped structure and degenerated piece of intracellular 
mycelium in a resistant seedling 14 days old. x 105. 

Fig. 5. 132.1. h (Lj on 521). Thickened, branehed mycehum in the stede of the mcsocotyl of 
an oat which shows mature resistance. This type of mycelium is characteristic of older 
seedlings of resistant varieties Grade IV. 14 days, x 97. 

Fig. 6. 287.1. b (Cg on Markton). An apparently healthy hypha growing along the stele of 
the coleoptile of a seedling 14 days old of the very resistant variety Markton. x 105. 

PLATE VIII 

Fig. 1. 221.1. b (Cj on Markton). Seedling 3 days old. The entering germ tube has been cut 
through. A well defined deposit has been laid down by the host cell which effectively 
prevents further development, x 612. 

Fig. 2. 248.1. a (L^ on Markton). Seedling 3 days old. Similar to above. Note the hole in 
the cuticle at the point of entry, x 612. 

Fig. 3. 343.1. blCgon Markton). Seedling 2 days old showing early stage of penetration and 
beginning of sheath formation. The host cytoplasm is invaginated. x 612. 
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Fig. 4. 232.1. a (C4 on Markton). Seedling 3 days old. The penetrating tube is invested by 
a sheath formed by the host but in this case it does not completely prevent the entry 
of the pathogen, x 612. 

Fig. 5. 57.1. 6 (C| on Markton). Penetration of the infection hypha. Note the hole in the 
cuticle seen in side view and the empty swollen vesicle immediately within the epidermal 
cell wall. Seedling 3 days old. x612. 

Fig. 0 . 267.1. a (Lj on Markton). Penetrating hypha which has failed to progress beyond 
one or two cells. Note the disorganised and deeply stained host cells (7-day8 seedling). 
x612. 

(Received September 28, 1935) 
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A TEMPERATURE STUDY OF PYTHIUM ATTACK 
ON SWEDE SEEDLINGS 

By T. N. GREEVES, B.Sc., B.Agr., and 
A. E. MUSKETT, M.Sc., M.R.I.A. 

{Department of Agricultural Botany, The Queen's 
University, Belfast) 

(With Plate IX) 

Introduction 

In the course of raising swede seedlings in pots filled with unsterilised soil 
it was observed that considerable variation occurred in the seedling 
stands produced in different pots although the same number of seeds had 
been sown in each pot. Thus, pots which had been prepared in exactly 
the same way and which had received the same treatment often exhibited 
differences of more than 30 per cent, in the numbers of seedlings estab- 
lished. On examining a pot showing a poor stand it was found that in 
many cases the seed had commenced to germinate but that the primary 
root had been killed soon after its extrusion from the seed coat. In other 
cases the death of the seedling had occurred somewhat later but before 
it had been able to reach soil level. From one of the diseased seedlings a 
pure culture of a species of Pythium belonging to the P. de Baryanum^ 
group was isolated. Subsequent work carried out to test the pathogenicity 
of this fungus showed that it was strongly parasitic and responsible for 
the poor stand of seedlings by setting up a pre-emergent phase of seedling 
disease. Typical damping-off had not been observed during the course of 
the work. 

It was decided to make a further study of the disease, and the present 
investigation was undertaken with the object of obtaining information 
upon the two following points : 

(a) The effect of the temperature under which the seedlings are raised 
upon the incidence of the pre-emergent and damping-off phases of the 
disease. 

(b) Whether the disease may be prevented by disinfecting the seeds 
with an organic mercury compound prior to sowing. 

^ The writera’ thanks arc due to Mr S. F. Ashby, of the Iraporial Mycological Institute, 
who has examined the fungus and suggests that although it is not true to type, it should be 
placed in the Pythium de Baryanum group. 
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The experiment 

The two varieties of swede chosen for this work were Ideal and Tip- 
perary, and the seed samples used gave on analysis a high percentage of 
purity and germination. Six-inch flower pots were used, one hundred 
seeds being sown in each pot. Each pot was placed in a saucer which was 
kept filled with water whereby the soil was kept uniformly moist through- 
out the experiment. The soil was sterilised before use by autoclaving the 
filled pots with their saucers for 20 min. at 15 lb. pressure. The inocula- 
tion of the soil and the sowing of the seed was carried out after the 
sterilised soil had been rested for 7 days. 

The fungus to be used for inoculation purposes was grown on plates of 
2 per cent, malt extract agar, and at the time of inoculation the cultures 
had just reached the edges of the plates. Two plates were used for inocu- 
lating each pot, the contents of one plate being incorporated in the soil 
before the seed was sown and those of the second in the covering soil. 
There were therefore present layers of inoculum above and below the 
seed. The soil of each control pot was treated in a similar manner with the 
contents of two uninoculated plates of 2 per cent, malt extract agar. The 
seed which was to be disinfected was dusted with a proprietary organic 
mercury preparation known to be effective in the prevention of certain 
seed-borne diseases of cereals. 

Three similar series of pots were prepared, each series consisting of 
sixteen pots made up as follows: 

(1) Variety Tipperary: 

Two pots with non-inoculated soil, sown with non-disinfected seed. 

Two pots with soil inoculated with Pythium, sown with non- 
disinfected seed. 

Two pots with non-inoculated soil, sown with disinfected seed. 

Two pots with soil inoculated witli Pythium, sown with disinfected 
seed. 

(2) Variety Ideal: 

Eight pots set up as for the variety Tipperary. 

Immediately after preparation each of the three series of sixteen pots 
was placed under conditions where the only variable growth factor was 
that of temperature. The high -tew pc^rature series was placed in a heated 
greenhouse, the uu^diuw-ternperature series in a cool greenhouse, while the 
low -temperature series was kept out of doors during the day and, as the 
work was carried out in the months of February and March, the pots were 
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brought into a cool greenhouse at night in order to avoid severe frosts. 
A thermograph record was kept for each series throughout the course of 
the experiment. An analysis of the prevailing temperatures is given in 
Table I, where the temperature range has been divided into intervals of 
5°C., and the number of hours given during which each series was exposed 
to each interval of temperature. 

Table I 


Distribytion of teyyperature in honrs 



High. 

Medium - 

IX)W- 

Intervals of 

temperature 

temperature 

temporature 

tera{>eraturc 

°C. 

series 

series 

series 

hours 

hours 

hours 

0-5 

0 

0 

208 

.5-10 

0 

182 

511 

10-15 

0 

182 

80 

15-20 

4(> 

1.5 

5 

1 

o 

1.52 

0 

0 

25-;i0 

80 

0 

0 

Duration of experiment 

258 

.577 

804 


The average temperature for each series, estimated by recording the 
temperature at intervals of 2 hours throughout the whole experiment, 
was as follows : 

High -temperature series ... ... 23*0° C. 

Medium-temperature series ... ... 10-2° C. 

Low-temperature series ... ... 5*8^0. 

Observations 

Owing to the wide temperature range, and the resultant differences in 
growth rate shown by the different series, the experimental period varied 
largely for each series. General emergence of the seedlings above soil- 
level occurred after a period of 8 days for the high-temperature series, 
11 days for the medium-temperature series and 26 days for the loiv- 
temperature series. Final observations as to the incidence of disease were 
made for the high-temperature series after 11 days, for the medium - 
temperature series after 16 days, and for the low-temperature series after 
36 days. Neither the low nor the high conditions of temperature were 
good for the growth of the seedlings, for whereas in the former case they 
were stunted, in the latter they were drawn and etiolated. 

Results 

The results are set out in Table II, where it will be seen at once that 
seed disinfection with an organic mercury compound failed to control the 
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disease. This being so, the two series in which non-disinfected seed and 
disinfected seed were used may be regarded as comparable. At the same 

Table II 

Results obtained from a temperature study of Pythium attack 
on swede seedlings 

Docroasc of 

emergence Typical Total of 




Emergent 

due to 

damping - 
off” 

diseased 

Seed treatment 

Variety of 

seedlings 

disease 

seedlings 

swede 

Soil treatment % 

High-temperature series 

/o 

% 

% 

Non-disinfected 

Tipperary* 

Non -inoculated 780 

Inoculated with 69 0 

Pythium 

11-5 

11-5 

230 


Ideal 

Non -inoculated 78*0 

Inoculated with 64*0 

Pythium 

17*9 

5-2 

231 

Disinfected 

Tipperary 

Non-inoculated 770 

Inoculated with 7 10 

Pythium 

7-8 

19-5 

27-3 


Ideal 

Non-inoculated 85*0 

Inoculated with 7 1 0 

Pythium 

Medium-temperature series 

16*6 

7-1 

23-6 

Non -disinfected 

'Pipperary 

Non-inoculated 85*0 

Inoculated with 75*0 

Pythium 

11-8 

0-0 

11-8 


Ideal 

Non-inoculated 79*0 

Inoculated with 66*0 

Pythium 

16-5 

0-0 

16-5 

Disinfeot^ed 

Tipperary 

Non-inoculated 75*0 

Inoculated with 63*0 

Pythium 

16-0 

0*0 

16-0 


Ideal 

Non-inoculated 89*0 

Inoculated w ith 72*0 

Pythium 

Low-temperature series 

19-1 

0*0 

19*1 

Non-diflinfccted 

Tipperary' 

Non-inoculated 82*0 

1 noculated with 52*0 

Pythium 

36-6 

0-0 

36-6 


Ideal 

Non -inoculated 86*0 

Inoculated with 58-0 

Pythium 

32*6 

0*0 

32*6 

Disinfected 

Tipperary 

Non-inoculated 80*0 

Inoculated with 62 0 

Pythium 

35-0 

0-0 

35-0 


Ideal 

Non-inoculated 850 

Inoculated with 64*0 

Pythium 

240 

0*0 

24*0 


time it will also be seen that there is no significant difference in disease 
susceptibility in the case of the swede varieties used. It is therefore 
permissible to regard these series as comparable. The experiment may 
Ann. Biol, xxm 18 
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therefore be regarded as having been carried out with eight pots (800 
seeds) in each group in place of two (200 seeds) as originally planned. 

The total amount of disease resulting from soil inoculation with 
Pythium will be seen to be remarkably consistent in each of the four 
groups within each temperature series. In the case of the high-tem'perature 
series an average of 24*2 per cent, of the seedlings were attacked; for the 
medium-temperature series the average was 15*9 per cent, and for the low- 
temperature series 32*1 per cent. 

The relation of the incidence of the pre-emergent phase to the damp- 
ing-off phase is of particular interest. Whereas the damping-off phase was 
responsible for the death of 10*8 per cent, of the seedlings in the high- 
temperature series as against 13*4 per cent, killed by the pre-emergent 
phase, in the medium- and low-temperature series damping-off did not 
occur at all, the pre-emergent phase being responsible for the total 
disease. 


Discussion 

The depredations of Pythium, spp. in the seed bed giving rise to 
typical damping-off symptoms are well known, but the pre-emergence 
phase of the disease does not appear to be so widely recognised. The 
importance of this early phase has been emphasised by Horsfall (2) in the 
case of P, ultimum attacking tomato seedlings, where he regards the 
pre-emergence phase of the disease as one of the primary causes of poor 
stands of tomato seedlings. P. de Baryanum has been associated with 
poor stands in crops of oats and barley (i), while a species of Pythium 
associated with root rot of dent corn (5) may cause a pre-emergent form of 
seedling disease at soil temperatures of 12-16° C. under conditions of high 
soil moisture. 

The results of these experiments show that the incidence of the pre- 
emergence and post-emergence phases of Pythium attack on swede seed- 
lings is closely correlated with the temperature under which the seedlings 
are raised given uniform moist soil conditions. At high temperatures 
the rapid germination and early emergence of the seedlings above soil- 
level results in the incidence of the pre-emergence phase being kept at a 
minimum, but the etiolated and drawn seedlings produced under these 
conditions are subject to typical damping-off. Under conditions of low 
temperature the rates of germination and emergence are slow, and in this 
case the incidence of the pre-emergence phase reaches its maximum. 
Nevertheless the seedlings which do emerge are healthy and not liable 
to damping-off although their appearance is somewhat stunted. In the 
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case of seedlings raised under conditions of medium temperature the 
pre-emergence phase of the attack was not significantly greater than for 
the high-temperature series, while damping-off did not occur at all. It 
would therefore appear that germination and emergence had been 
sufficiently rapid to enable the seedlings to escape the pre-emergence 
attack and that the sturdy seedlings produced were not susceptible to 
damping-off. 

The problem of controlling Pythium attack in the seed bed has been 
attempted by adopting both soil and seed treatments. Steam sterilisation 
is eminelitly satisfactory, but it is expensive and there is always the 
danger of recontamination. Horsfall successfully controlled the damping- 
off of tomato seedlings by dusting the seed with copper sulphate (mono- 
hydrate) ( 3 ) or with cuprous oxide ( 4 ) and by steeping it in a solution of 
copper sulphate (2). The use of organic compounds of mercury as dusts and 
steeps has been tried out by various workers with somewhat contradic- 
tory results. The efficient control of the disease by a dust treatment of 
the seed would be a popular method, and it was for this reason that 
experiments were carried out with seed disinfected with an organic 
mercury compound. Although such treatment in no way impaired the 
germination capacity of the seed, it proved to be useless in so far as the 
control of Pythium attack from the soil is concerned. 

In so far as varietal susceptibility of the swede to the disease is 
concerned, the two varieties used in these experiment^ proved to be 
equally susceptible. 

From the results obtained it would appear that Pythium attack in 
infected soils is best evaded by the raising of seedlings under temperature 
conditions sufficiently high to encourage rapid germination and emer- 
gence and at the same time favouring the production of non-etiolated and 
sturdy plants. It is possible that the best results would be obtained by 
using a combination of two temperatures; a high temperature for a short 
period to give impetus to germination followed by lower temperature 
conditions which would ensure the production of hardy and sturdy 
seedlings. 


SUMMAKY 

1. The type of seedling disease caused by Pythium attack on swede 
seedlings is closely correlated with the temperature under which the 
plants are raised. Low temperature conditions favour the occurrence of 
the pre-emergence phase of disease and produce no damping-off. Medium 
temperatures also produce no damping-off and result in a big reduction 

18-2 
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in the pre-emergence phase. High temperatures show the pre-emergence 
phase at a minimum but encourage damping-off. 

2. The disease in general is likely to be best evaded by germinating 
the seed under conditions of high temperature until the emergence of the 
seedlings. The temperature should then be lowered in order to encourage 
the production of sturdy seedlings not likely to be subject to damping- 
off. 

3. In these experiments the disinfection of the seed with an organic 
mercury compound prior to sowing did not secure any control of the 
disease. 

4. The two varieties of swede used — Tipperary and Ideal — proved 
to be equally susceptible to the disease. 
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EXPLANATION OF PLATE IX 

Fig. 1. Swede seedlings raised at a high average temperature. Note the typical damping- 
off of the seedlings in the inoculated soil. 

Fig. 2. Swede seedlings raised at a medium average temperature. 

Fig. 3. Swede seedlings raised at a low average temperature. Note the poor stand of 
seedlings in the inoculated soil. 


(Received October 25, 1935) 
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Little work has previously been done concerning physiologic specialisa- 
tion within the different species of cereal rusts in this country. An attempt 
has been made, therefore, to bring the knowledge of specialisation in 
Puccinia triticinu into line with that existing in North America and on 
the continent of Europe. 


Historical survey 

An account of all the available data on the physiologic forms of 
P. triticina both in America and on the continent of Europe was published 
by Johnston and Mains (S). The history, therefore, up to that date will be 
dealt with briefly. 

Mains and Jackson (9) described the reactions of the first twelve forms 
of P. triticina on eleven differential wheat varieties. The next three new 
forms were described by Scheibe(i6), who also recorded Form 11 from 
Central Europe, first described in the United States. 

Waterhouse (22) in Australia described two new forms of P. triticina 
which, however, gave identical reactions on the eleven differential wheats 
and so, according to these reactions, constituted a single form, the number 
26 being assigned to it later by Johnston and Mains (8). Waterhouse 
distinguished them by means of the Australian wheat variety Thew, 
and designated them ‘'Aust. F’ and “Aust. IF’. * 

Scheibe(i7) described eight new forms from P. triticina collected in 
Germany, Latvia, Esthonia, Poland, Bulgaria, and Hungary. This 
brought the number of known physiologic forms up to 23 (omitting 
the new form described by Waterhouse in Australia). 

Wellensiek(23), from collections of P. triticina in the Netherlands, 
encountered three forms. Nos. 11, 14, and 15, which had previously been 
reported in Germany by Scheibe. 

Dodoff(2) found Forms 15, 17, 19, and 21 in collections of P. triticina 
made in Bulgaria and described one new form to which the number 24 
was assigned. 

Form 25 was described by Tscholakow(2i) from Hungary. 

An aberrant form described by Johnston (6) in the United States was 
assigned the number 27. 

Johnston and Mains (8) described in all twenty-six new forms of 
P. triticina from the United States, of which Forms 28-50 inclusive were 
found by them, and Forms 61-63 by Schaal, Stakman and Levine. 
Johnston and Mains provided a key and a table of the infection types of 
these fifty -three forms. 
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Since 1932, Form 64 has been isolated by Radule8cu(i5) from collec- 
tions made in Roumania, and Mehta (12) has described a new form in 
India. ^ 


Materials and methods 
Differential wheat varieties 

The wheat varieties used as differential hosts in this study were 
obtained from Prof. E. B. Mains and Dr C. 0. Johnston. They were the 
same as those used by Johnston and Mains (S), who reduced the number 
from eleven to eight. The varieties were: Webster, Hussar, Democrat, 
Mediterranean, Malakof, Loros, Carina, Brevit. 

These varieties were grown on the University Farm, Cambridge, and 
the stock was thus maintained. Wherever possible, however, the original 
seed from the United States was used. In the variety Webster germina- 
tion of the original seed became so poor that it was necessary to use seed 
from the local harvest. 

In the variety Loros the original stock was mixed with a fairly high 
percentage of seeds which produced plants with very hairy leaves. The 
mixture in this variety gave no trouble as the hairy plants could easily 
be distinguished and discarded. 

Impurities in the original stock of Mediterranean seed, however, gave 
rather more trouble. The seedlings were indistinguishable morphologic- 
ally from one another, but there appeared to be a mixture of three 
varieties. A pot of seedlings, for example, inoculated with a certain 
physiologic form would often show infection tjrpes 4, 2 and I on different 
plants. The reaction of Mediterranean to such a form, therefore, could 
only be determined aft^r several successive inoculations when a large 
number of seedlings had given a consistent majority of one type of 
reaction. The mixture in Mediterranean, however, is not revealed by all 
physiologic forms of P. triticina. In experiments with Form 15, for 
instance, no reaction other than type 4 has ever been obtained. Scheibe (ic) 
stated that 10-20 per cent, of the Mediterranean plants inoculated in his 
experiments gave abnormal reactions. It was explained to him in a letter 
from Prof. Mains that the variety hybridised freely and that the same 
trouble was experienced in America. In dealing with this variety, there- 
fore, care was taken to use only seed from the original stock. 

^ Since the present paper was written C. Sibilia has reported the determination of eight 
new physiologic forms in Italy, which have been designated Nos. 66-62 (“La speciaUzza- 
zione della Puccinia triticina in Italia*’, BoU, Staz. Pal, veg, Roma^ xv (1935), 277). 

Professor C. O. Johnston informs me in a letter, however, that he has already assigned 
Nos. 65-66 inclusive to physiologic forms determined by other workers. 
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Sources of cultures of Puccinia triticina 

Of the collections of P. triticina which were sent to Cambridge or 
which I made myself, forty-six were tested. Most of these collections were 
obtained during the summers of 1932 and 1933. 

Thanks are due to the mycologists who have sent collections of P. 
triticina from the following neighbourhoods : Aberystwyth (Mr D. Walters 
Davies); Newport, Salop (Mr N. G. Preston); Eeading (Mr W. Buddin); 
Newcastle-on-Tyne (Dr F. T. Bennett) ; Cardiff (Mr J. Rees) ; Rothamsted 
(Miss M. D. Glynne); Newton Abbot (Mr A. Beaumont). 

Collections of P. triticina from the above centres (except Rothamsted) 
were obtained on the following varieties of wheat which were grown 
from seed sent from Cambridge: Cambridge Rivet, Little Joss, Iron, 
Wilhelmina, April Bearded, and Red Marvel. Collections were also made 
on the University Farm at Cambridge from as many different wheat 
varieties as possible during 1932 and 1933. The majority of these were 
made in July and early in August, but additional collections were made 
when P. triticina appeared at other times of the year. For example, one 
new physiologic form (Form 68) was obtained once from a few uredospore 
pustules on volimteer wheat plants on the University Farm in February 
1933. 

I am also indebted to Dr d’Oliveira through whom three collections of 
P. triticina were obtained from near Lisbon, Portugal. 

Forms 15 and 31 from Canadian collections were given to me by 
Dr Neatby of the Dominion Rust Research Laboratory, Canada, and 
were found useful for comparative purposes. 

Stock cultures 

The variety Wilhelmina was used for the maintenance of stock cultures 
throughout. Seedlings of this variety were inoculated with the rust 
samples as soon as they were received, and the culture was numbered and 
isolated under a lamp-glass. 

Establishment of single-spore cultures 

Of the forty-six cultures of P. triticina which have been tested in these 
experiments, thirty-one were derived from single spores. A few additional 
cultures were derived from single pustule isolations by the use of the 
method outlined by Johnston and Mains (B). It was not considered 
necessary to obtain single-spore cultures of the remaining mass cultures, 
as these gave the reactions typical of the physiologic form to which they 
have been assigned, without any evidence of mixture. Only a few of the 
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collections as sent in from the field showed signs of being mixtures of 
physiologic forms. Single-spore isolations were invariably made from 
such collections. 


Preservation of purity of cultures 

All cultures of P. tritidn^ were kept in the same greenhouse, each 
under a sterilised lamp-glass covered over the top with muslin. Great 
care was taken in renewing the stock cultures to prevent casual contami- 
nation. No mixture of individual cultures was observed when they were 
preserved in this way. 

A disadvantage of keeping the stock cultures permanently under cover 
was the comparatively frequent necessity for renewal. A culture seldom 
lasted more than 3 weeks, and often, during hot weather, or during a 
period when Erysiphe graminis was prevalent, considerably less. The use 
of sulphur in the greenhouse was sometimes helpful in reducing the 
incidence of E. graminis. 

In winter, during periods of fog and low light intensity, a few cultures 
(tested and untested) were lost through failure of infection. 

Inoculation and incubation 

The differential hosts were sown in pots with a sufficient number of 
seeds to produce eight to ten seedlings in each pot. The soil was a good 
loam obtained from the Cambridge Botanic Garden. Seedlings of the 
differential wheats were inoculated when in the two-leaf stage, the first 
leaf only being used. The eight pots of differential wheats were incubated 
together under a bell-jar on the floor of the greenhouse. When possible, 
two, three, or more sets of differentials were inoculated simultaneously 
with different cultures of Puccinia tritidna for the purpose of comparison. 

Time of experimentation and the number of times individual 
teMs were made 

With the exception of the months of December and January experi- 
ments were carried out with many of the cultures throughout the year from 
1932 up to October 1934. Each culture was tested on the differential 
wheats five to ten or even more times. The best period for experiments 
with P. tritidna was usually from May to September. 

During the winter, especially in November and February, when the 
light intensity was low and dull weather prevalent, failure of infection 
sometimes resulted. Except under abnormally bad weather conditions, 
however, many of the physiologic forms produced as good reactions on 
the differentials in mid-winter as in the summer. 
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The incubation period of the cultures varied from 12 to 15 days in 
winter to 9 to 10 days in summer. Reactions were read as soon as the 
pustules were fully developed. 

The effect of differences in light intensity and temperature on the 
reactions of individual physiologic forms will be dealt with later. 

Effect of infection by Erysiphe graminis on the reaction of 
resistant wheats to Puccinia triticina 

During these experiments it was frequently noticed that infection 
by Erysiphe graminis of a host usually very resistant to a certain form 
of Puccinia triticina induced the development of pustules of a very 
susceptible type. This was especially noticeable with Malakof wheat, and 
less frequently with Democrat and Webster. The occurrence of small 
localised groups of pustules on the leaves of these varieties was invariably 
associated with a mildewed area on the opposite side of the leaf, or actually 
over the pustules themselves; non-mildewed portions of such leaves 
exhibited the flecking characteristic of a type 0 reaction.^ 

Infection types and reaction classes 

In the course of this study the five types of infection ranging from 0 
(highly resistant) to 4 (very susceptible) were used, as previously described 
by Mains and Jackson (9). 

Another type of infection, known as the ‘‘a:” type, was described for 
Puccinia graminis triiici by Stakman and Levine (19) as: ‘‘Uredinia very 
variable, apparently including all types and degrees of infection on the 
same blade; no mechanical separation possible; on reinoculation small 
uredinia may produce large ones, and vice versa. Infection ill defined.’’ 
This type of infection was occasionally encountered by Mains and Jack- 
son (9), but was not used by them. It has since been used by Scheibe(i7), 
Waterhouse (22), and Johnston and Mains (S). The “ x ” or ‘‘ indeterminate ” 
type of infection was encountered in this investigation. A variant of the 
type “x” reaction, which sometimes coincided with abnormally warm 
weather, was the occurrence of very numerous, small, crowded pustules 
on a leaf, the whole surface of which was extremely chlorotic. 

^ Johnston (7) has drawn attention to a similar condition. He states that the normal 
reaction of Warden wheat to Form 9 of P. triticina is resistant, and the reaction commonly 
takes the form of a flecking of the leaves. When such leaves are infected with mildew, how- 
ever, he has observed the development of pustules of a susceptible type in the chlorotic area 
immediately surrounding the mycelial weft, actually embedded in it, or in the chlorotic 
area on the surface of the leaf immediately opposite the mildew. 
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The “variable” or “intermediate” type of reaction (type 2-3), so 
described by Johnston and Mains (8) because it could not conveniently 
be placed either in a susceptible or a resistant category, was encountered. 

The observed range in type of infection has been used throughout this 
investigation. This method of presenting data for the identification of 
physiologic forms agrees with that employed by Mains and Jackson (9), 
Scheibe(i6,i7), and Johnston and Mains (8). Waterhouse (22) used mean 
infection types in his work on P. tntidna, as did Stakman and Levine (20) 
for recording the reactions of the forms of P. graminis tritici. 

The value of recording data by means of the observed range of in- 
fection types was mainly in recording the variable type 2-3 reaction, and 
in those cultures where variation between more than two degrees of 
infection occurred constantly and apparently regardless of seasonal 
changes. Examples of this type of infection are fairly numerous, e.g. 
the new Form 70 produces a type 0-2 reaction on both Hussar and 
Democrat. In this instance there is shown merely a fluctuation between 
the three resistant types of infection. Mains and Jackson (9) described a 
similar reaction for Form 11 on these two wheats. A more extreme 
variation in reaction is shown by the new Forms 69 and 70 on Malakof ; 
these forms showed infection types of 2 -f , 3 and 4, which have conse- 
quently been described as 2-4. A similar reaction was described by 
Mains and Jackson (9) for Form 3 on Loros. Other examples of extreme 
variation in reaction, which, however, can be referred to environmental 
changes, will be discussed later. 

Experimental results 

Ten new forms of Puccinia tritidnay eight of which were obtained in 
collections from England and Wales, and two from Portugal, are de- 
scribed in Table I. These new forms are numbered 66-76.^ Included in 
the table is Form 16 (Scheibe(i6)), which was isolated several times from 
Britain and once from Portugal, and a variation of Form 10 (Jackson and 
Mains (9)), which arose as a mutant of Form 66. 

Relationships and variation of physiologic forins 

In Table I it will be seen that the differences in infection type between 
some of the forms, e.g, 67, 71 and 73, are not clear-cut as between resistant 
and susceptible, but only between a variable or intermediate type 2-3 
reaction, a susceptible reaction, and the indeterminate type “x” reaction. 

^ The international form numbers 66-76 were kindly assigned by Dr C. O. Johnston 
in January, 1935. 
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These differences in infection type, however, occur on more than one of 
the differential wheats, and slight though they appear to be they occur 
constantly. 

Form 73 is clearly differentiated from Forms 67 and 71 by its pro- 
duction of a type x-i reaction on Hussar. On this host the type “a;” 
reaction occurred more frequently than the type 4 reaction. On the other 
hand, the reactions of Hussar to Forms 67 and 71 are clearly defined 
susceptible ones. 

Table I 


Reactions of the standard differential varieties to physiologic forms 
of Puccinia triticina /rom Britain and Portitgal 


Ph)r8io- 

logio 

Form 



Type of infection 

on wheat variety 



Country 

of 

* 





Mediter- 


\ 

no. 

Malakof 

Carina 

Brevit 

Webster 

Loros 

ranean 

Hussar 

Democrat 

origin 

66 

0 

3^ 

4 

2—3 

4 

0-1 

4 

0-1 

Britain 

67 

0 

4 

4 

3-4 

4 

3-4 

3-4 

2-3 + 

99 

68 

0 

3-4 

4 

3-4 

4 

0-1 

-1-2 

0-1 

M 

69 

2-4 

3 

3-4 

1-2 

3-4 

0-1 

2-3 

0-J 

99 

70 

2-4 

2-4 

3-4 

3 

3-4 

0-1 

0-2 

0-2 

99 

71 

0 

4 

4 

2-3 

4 

2-3 

3-4 

1-1 + 

9 9 

72 

0-1 

3-4 

4 

2-3 

4 

0-1 

sc4 

0-1 

99 

73 

0 

3-4 

4 

3-4 

4 

3-4 

x-4 - 

1-2 


74 

0 

0 

0-1 

0 

2-3 + 

0-1 

0-1 

0 

Portugal 

75 

0 

4 

4 

2-3 

4 

2 3 

0-1 + 

0-1 

Britain 

and 

Portugal 

16 

0 

0 

0-1 + 

0 

0-1 

4 

0-1 

4 

10 

(British) 

4 

4 

4 

3 

4 

0-1 

0-1 

(^I - 

Britain 


The variable type 2-3 reaction produced on Mediterranean by 
Form 71, as opposed to the susceptible type 3-4 reaction produced on 
that variety by Forms 57 and 64, is rather rare, as the only other form 
encountered in this investigation which produced such a reaction on 
Mediterranean is Form 75 from Portugual. 

The variable type 2-3 reaction of Form 71 on Webster, again, is 
clearly opposed to the definitely susceptible reactions of Forms 67 and 73 
on this variety. Finally, Form 67 is differentiated both from Forms 71 
and 73 by the greater susceptibility shown to it by Democrat. The reac- 
tion (type 2-3 -f ) of Form 67 on Democrat is the most susceptible reaction 
produced on this variety by any of the new forms encountered in this 
investigation. This reaction was constant in the three cultures of P. triti- 
cina from different sources which were found to belong to Form 67, and 
a type 3-3 + reaction was encountered more often than a type 2 reaction. 

Two of the physiologic forms isolated in England, viz. Forms 10 and 
69, are very similar to certain previously described forms of P. triticina, 
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though constant differences from such forms were observed in the re- 
actions on several of the varieties. Table II shows a comparison between 
these two forms and some forms described by Mains and Jackson (9) and 
Johnston and Mains (S). 

The English Form 10, which is a variation of Jackson and Mains’ 
Form 10, constantly gave a lower degree of infection than the type form 
on four of the differentials. The English Form 10 is one whose origin will 
be discussed later; it originated in the greenhouse presumably as a mutant 
from a culture of Form 66. 

Table II 

Compariso7i between forms of Puccinia triticina isolated in 
England and some, forms premously described 
Type of infection on wheat variety 


Physiologic 






Mediter- 


Demo- 

Form no. 

Malakof 

Carina 

Brevit 

Webster 

Loros 

ranean 

Hussar 

crat 

10 

(Mains and 
Jackson) 

4 

4 

4 

4 

4 

1-2 

1-2 

1-2 

10 

(English form) 

4 

4 

4 

3 

4 

0-1 

0-1 

0-1 - 

43 

(Johnston and 
Mains) 

4 

3 

3 

1-2 

4 

1 

2 

1-2 

50 

(Johnston and 
Mains) 

4 

2 

4 

2- 

3 

0 

2 

0 

69 

(new form) 

2-4 

3 

3-4 

1-2 

3-4 

0-1 

2-3 

0-1 


Form 69 is differentiated from Form 43 mainly by the extremely 
variable reaction on Malakof and by the variable (type 2-3) reaction on 
Hussar. It is distinguished from Form 50 in the same way, and also by 
the susceptible reaction on Carina. 

It has already been recognised that certain physiologic forms are in 
reality closely related members of composite groups. Waterhouse (22) 
found that the addition of the wheat variety Thew to the differentials 
separated Form 26 into two forms. Scheibe(i7) found that the addition 
of other varieties to the standard set of differentials would further 
subdivide Forms 11 and 13. Both these investigators were dealing with 
rust cultures which according to the usual differentials appeared to con- 
sist of a single form. A variant of this condition was described by 
Johnston and Mains (S). They found that several cultures, which according 
to their analytical key could be run down to certain physiologic forms, 
differed slightly but constantly from such forms. In their opinion these 
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cultures indicated that such physiologic forms were in reality groups of 
forms. Several such cultures have been encountered in this investigation. 

Form 15 was encountered in seven collections of P. triticina from 
Britain and in one from Portugal. In Table III it will be seen that certain 
single-spore cultures from these collections, viz. nos. 34 Portugal, 57 
Cambridge, 54 Cambridge, and 37 Cardiff, agree very closely with Form 15 
described by 8cheibe(i6). On the other hand, in four other cultures, viz. 
nos. 38 Cardiff, 36 Cardiff, 42 Newport, and 44 Devon, slight divergences 
from Form 15 were recorded in the reactions on Brevit and Hussar. 
Cultures no. 38 Cardiff and no. 42 Newport are alike in the greater 
susceptibility shown by Brevit, and cultures no. 44 Devon and no. 36 

Table III 

Comparison between physiologic Form 15 and certain cultures 
identical with or closely related to it 

Physio- Type of infection on wheat variety 

logic r — 

Form Mediter- 


Culture no. 

no. 

Malakof 

Carina 

Brevit 

Webster 

Loros 

ranean 

Hussar 

Democrat 


15 

0 

0 

0-1 

0 

0-1 

4 

0-1 

4 

No. 34 Portugal 

— 

0 

0 

0-1 

0 

0-1 

4 

0-1 

4 

No. 67 Cambridge 

— 

0 

0 

(M 

0 

0-1 

4 

0-1 

4 

No. 54 

— 

0 

0 

1 

0 

1 

4 

1 - 

4 

No. 37 Cardiff 

— 

0 

0 

0-1 + 

0 

0-1 

4 

0 1 

4 

No. 38 „ 

— 

0 

0 

2-2 + 

0 

0-1 4 

4 

1-1 - 

4 

No. 42 Newport 

— 

0 

0 

0-2 + 

0-1- 

0-1 + 

4 

0-1 + 

4 

No. 44 Devon 

— 

0 

0 

1-1 + 

0 

1 - 

4 

0- 2 

4 

No. 36 Cardiff 

— 

0 

0 

0-1 - 

0 

1-1 - 

4 

1-2- 

3-4 


Cardiff resemble one another in the greater susceptibility shown to them 
by Hussar. This seems to indicate that Form 15 exists in Britain in asso- 
ciation with at least two closely aUied forms. For purposes of classifica- 
tion in this paper, however, these cultures have been referred to Form 15. 

Group susceptibility and resistance of differential wheMs 
It can be seen from Table I that the varieties Democrat and Malakof 
show a very high degree of resistance to the great majority of the cultures 
that have been tested. With the exception of Form 15 Democrat was 
resistant to ten of the forms, that is, to all except Form 67, to which it 
exhibits the intermediate type 2-3 reaction. 

Malakof was resistant to nine of the twelve forms, and except for the 
type 0-1 reaction shown by Form 72, the degree of resistance of this 
variety was invariably very great. It frequently happened in an other- 
wise normal experiment that some of the inoculated Malakof seedlings 
appeared not to have “taken”, i.e. they exhibited an immune reaction. 
This tendency was particularly noticeable in experiments made during 
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the winter. Apart from this, the normal resistant reaction of Malakof 
usually took the form of a very faint flecking of the leaves. For this rea- 
son, when this variety was infected by mildew, the production of groups 
of type 4 pustules was the more striking. 

Mediterranean was resistant to seven of the forms, but proved a 
valuable variety for differentiation owing to its clearly defined reactions. 

The variety Hussar showed marked variability in its reactions to the 
forms with which it was inoculated, and was, to a great extent, the only 
variety whose reactions were seriously affected by seasonal changes. 
Mains and Jackson (9) and Waterhouse (22) have recorded that this wheat 
is very sensitive to seasonal changes, often being highly resistant to a 
certain form of P. triticina during the autumn and winter, and only 
moderately or slightly resistant in late spring. In this investigation, 
variation in reaction in Hussar could often be traced to seasonal changes, 
but some variations of a profound character could not be explained in 
this way. 

Webster was remarkable for the frequency with which it exhibited 
the variable type 2-3 reaction, and was highly resistant to one new 
physiologic form only, viz. Form 74. 

Carina, Brevit, and Loros wheats exhibited a uniformly high degree 
of susceptibility to all but one of the new forms. The reactions on these 
three varieties were, in fact, identical except in one particular, which was 
in the type 2-3 reaction of Form 74 on Loros, whereas the reactions on 
Brevit and Carina were type 0 and type 0-1 respectively. To the remain- 
ing forms these three varieties were susceptible to the same degree. 

It is interesting to compare the high percentage of resistant reactions 
(types 0-2) of the Portuguese Form 74 on the differentials, with the corre- 
spondingly rather high percentage of susceptible reactions (types 3-4) 
exhibited by most of the British forms. 

Origin of a mutant from culture no. 59 Northumberland 

In August 1933 samples of P. tritioina were received from the vicinity 
of Newcastle-on-Tyne. Stock cultures were established on Wilhelmina 
wheat, and the cultures were numbered 58 Northumberland and 59 
Northumberland. The wheats from which they were obtained were Red 
Marvel and Little Joss respectively. 

In these experiments it is emphasised that inoculum for the differen- 
tials was invariably taken from the stock cultures which were covered by 
lamp-glasses with spore-proof tops, and that mixture of the cultures was 
never observed. 
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In Table IV details of all the tests which were made with culture no. 69 
Northumberland are presented. The temperatures given are the average 
maximum daily temperatures during the incubation period of the culture. 
To obtain an average of the hours of sunshine per day the total number of 
hours of sunshine during the whole incubation period was divided by 
the number of days. There may have been one or two consecutive days 
during the incubation period entirely without sunshine. This frequently 
happened in winter and early spring. 

In Table IV it is seen that experiments with culture no. 59 North, 
were commenced a month after it was received from the field. In the 
first four tests on the differentials this culture was used as it was obtained 
from the field, i.e, it was not a single-spore culture. The culture, however, 
appeared to be pure, and it is believed that it was so. 

In the first test the reaction of Malakof to culture no. 59 North, was 
type 0 on eleven plants, and of Hussar was type 4 on eight plants. In the 
four succeeding tests the reaction of Hussar to this culture became type 
0-1, afterwards reverting to the original type 4 reaction. The aberrant 
behaviour of the reaction of Hussar to this culture was noticed in several 
other cultures of the same physiologic form (Form 66) and will be dis- 
cussed in a later section. 

A single-spore culture was obtained from the mass stock culture 
no. 59 North, in November 1933. In a test with this single-spore culture 
in March 1934, during a period of abnormally low temperature and low 
light intensity, a type 4 reaction was produced on Malakof. Spores 
obtained from this abnormal type 4 reaction were reinoculated at once 
on fresh Malakof seedlings, and a single pustule was selected from the 
resulting type 4 infection and formed the basis of the mutant culture 
no. 60 North. Experiments with culture no. 60 North, were then carried 
on concurrently with single spore culture no. 59 North. Table IV shows 
that culture no. 60 North, continued to produce a type 4 reaction on 
Malakof and on Hussar a type 0-2 reaction instead of the type 4 reaction 
of the parent culture no. 59 North. For comparison the two cultures 
no. 59 North, and no. 60 North, were tested simultaneously on sets of 
differentials in May, June, and October. The reactions can be compared 
in Table IV. 

A description of the mutant culture no. 60 North, was sent to Dr C. 0. 
Johnston, who regards it as a variation of Form 10 (Mains and Jack- 
son ( 9 )), The mutant culture differs from Form 10 only in a slightly lower 
degree of susceptibility on four of the differentials (see Table II). 

It may be noted in Table IV that in the test of culture no. 60 North. 



Table IV 

Reactions of differential varieties to culture no. 59 Northumberland 
and a mutant culture obtained from it 


283 


Florence M, Roberts 


H 


r® ' 


Is 


2 a 

0 is 

1 fg I I I — 

n -4 ^ I II 


& 


-o 

iL 

s 

bl 

ns 




i g +- _ 

'i g -i-a==- ' 33 ' 33 




Cic 

.3 




s; 


„ + I + + + 


- -t 1 I ' 




o 


COCDOOt^t^t^ OS^CJI^l't) ^00 
:CC^C';+OwOCO >t'»t 


>< S fe s c 
rt £ ^ - .2 — - 


o ^ 5!^ c 
c o a 5 

«£«§'■§ + l'-rlli- + 1+ -f- 

^§■5x3^ 2c:cwrr?c?cxxc5»‘ oc X) in n >• 

ifIS’S 

•< o i-3 s 

^.s.si.!3;=;a>;>-^?Ki>-s:-5:=g « 

^ 22 22 ^ 2 ^ ^ ^ ^ S 25 ^ ^ 

S ^ (u ^ 

o ifs tl 

® 'T'll s. g 

I O S £i t^*rt 

^ 2 !z a I 

« Q I^J 


JS 

a, 

bH 

O 

e 6 

"ee 


ffC 




Xi 

s 


ns 


ft 

S !s 

ja c 

-ts 00 b3 

® 'S t: 

§ 

P • ^ s 

II 

3|1^ 

^ S g g 

It''" 

|S| 

^ J 3 

I ^ J£ 

J - § 

- ^1 


3 

.2 


a 


a 


Ann. Biol, xxm 


19 



284 Physiologic Forms of Puccinia triticina Erikss. 

during July 1934 some of the Malakof seedlings exhibited a type x 
reaction. This reaction and the slightly more susceptible reaction than 
usual of Hussar coincides with an abnormally high average maximum 
temperature during the incubation period. 

The origin of Form 10 (culture no. 60 North.) in Cambridge by muta- 
tion from Form 66 seems to be clear. The only other explanation of its 
appearance, viz. that it might have arisen as a casual contamination, may 
be discarded for the following reasons: 

(1) The mutation was first observed in March. At that time of the 
year P, triticina is very rare in the field if it exists at all. Since 1931 it has 
not been observed in that month. In addition, this variation of Form 10 
was not isolated in any field collection in Britain. 

(2) Only two physiologic forms (Forms 69 and 70) in culture in the 
greenhouse at the time when the mutant Form 10 arose produce a 
susceptible type 4 reaction on Malakof (see Table I). The reactions of both 
these forms on Malakof, however, are extremely variable. The mutant 
Form 10, on the other hand, has consistently produced a type 4 reaction 
throughout a somewhat considerable range of temperature and light 
intensity (see Table IV). In addition, Form 70, which it more closely 
resembles, was tested simultaneously with the mutant form in July 1934, 
when the average maximum daily temperature was abnormally high. As 
a result of this high temperature an abnormal type 4 reaction was pro- 
duced on Hussar by Form 70, and the resistant reaction, was, as usual, 
produced by the mutant Form 10. Thus these two forms also differ in 
their reaction to environment, and the possibility that spores from Form 
70 had become mixed with the single spore culture no. 59 North. (Form 
66) can be ruled out. 

Mutations in rust fungi have occasionally been reported. Stakman, 
Levine and Cotter (20) report that in a culture of Form I of P, graminis 
triticiy which had been constant pathogenically in the greenhouse for 
13 years, there suddenly appeared a new form (afterwards known as 
Form 60), which was different pathogenically from anything they had 
hitherto known. The constancy of this new form was proved by extensive 
inoculations. A feature of this mutant was its inability to produce normal 
infection on two of the differentials. Two other mutants that arose from 
Form I, viz. Forms 21 and 17, proved to be much more virulent than the 
original culture. Later, still another form arose from the original culture, 
which, though not fully identified by the writers, seemed to be different 
from anything hitherto described. This additional mutant was designated 
as Form 58. 
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Though evidence of mutation in pathogenicity in P. graminis tritici 
is rare several examples of mutation in spore colour of this rust have been 
described by Newton and Johnston ( 13 ) and by Waterhouse ( 22 ). 

The only reference to mutation in P. triticina hitherto presented is 
that by Johnston (O). He described an aberrant form of P. triticina 
(Form 27) which was assumed to be of mutational origin. This form, 
which was collected in nature, difiered from all known forms in the length 
of the incubation period, the small size of the uredospore pustules, and 
the light orange colour of the spores. 

In view of the mutational changes in rust fungi just described, the 
origin of culture no. 60 North. (Form 10) by mutation from culture 
no. 59 North. (Form 66) seems probable. 

Apparent instability in reaction of certain cultures 
OF FORM 66 ON Hussar 

In Table IV it is seen that in the first test on the differentials with 
culture no. 59 North. Hussar exhibited a type 4 reaction. In the next 
four tests, three of which were made in the same month as the first, the 
reaction changed to type 0-1. In the test succeeding the one in March 
1934 that revealed the mutant Form 10 (culture no. 60 North.) the reaction 
again became type 4 and remained constant to this type during sub- 
sequent tests. Culture no. 58 North., which was sent to me at the same 
time as the above, gave a similar type 4 reaction on Hussar. On the 
strength of this susceptible reaction on Hussar both these cultures have 
been identified as belonging to Form 66. 

Similar behaviour of other cultures of Form 66 has frequently been 
observed. The reactions of three such cultures are illustrated in Table V. 

In each example in this table there is shown an abrupt change in 
reaction on Hussar from resistant to susceptible, exactly similar to that 
observed in culture no. 59 North., as shown in Table IV. In these cultures, 
however, the reverse change in reaction from susceptibility to resistance, 
also evident with culture no. 59 North., has not been observed. It is 
thought that the change may be a reversible one, and not simply a 
change in reaction from resistant to susceptible as exhibited by the three 
cultures referred to in Table V. 

That environment is not the cause of the change in reaction on Hussar 
of culture no. 59 North. (Table IV) or in the cultures whose reactions are 
illustrated in Table V, can be seen in Tables IV and V. Slight fluctuations 
in reaction can usually be explained by some environmental factor. For 
example, the type 2-h reaction of culture no. 8 Cardiff in June 1933 

19-2 
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coincided with an abnormally high average maximum temperature during 
incubation. This is a common effect of high temperature on some 
physiologic forms. The major fluctuations in reaction, however, cannot 
be explained as being due to environment. For example, culture no. 61 
Reading, at an average maximum temperature of 79° F., produced a 
type 1 + reaction on Hussar in August 1933. In the same month of 1934 
at virtually the same temperature it produced a type 4 reaction. Further, 
culture no. 23 Newport, under the worst conditions for experimenting 
with physiologic forms, i,e, very low light intensity and unusually low 
temperature, produced a type 4 reaction in February 1934. This same 
reaction was produced by this culture in a heat wave during the previous 
August (1933), and under the typically optimum conditions of the 
following June (1934). 

It is not believed, therefore, that environmental fluctuations can 
account for the aberrant reactions of Hussar to the cultures belonging to 
Form 66 indicated in this discussion. 

The behaviour of the cultures of this form cannot be clearly explained 
at present. It seems to point, however, to some inherent instability in 
Form 66. As this phenomenon has been observed in four^ cultures from 
widely different sources it is believed to be somewhat typical of the form. 
Such divergences of reaction, other than those which can readily be 
explained by environmental fluctuations of light and temperature, have 
not been observed in any other physiologic form. 

Belief in the stability and fixity of individual physiologic forms is 
widely held. Stakman(i8) summed up the general view on the matter as 
follows: “One of the most remarkable things about the varieties and 
physiologic forms of P. graminis is the absolute certainty with which 
they can be determined by their pathogenicity on selected host plants.” 

In this investigation, however, while the results in general indicate 
that the great majority of physiologic forms are stable in their reactions, 
experiments with certain cultures of Form 66 show that instability in 
reaction, apparently inherent, does exist. Though such instability is 
probably of rare occurrence, the possibility that it may be encountered 
in tests with physiologic forms should not be overlooked. 

The study of the cultures belonging to Form 66 indicates the desir- 
ability of testing physiologic forms repeatedly on the differential varieties. 
Attention is drawn to the fact that by the resistant reaction on Hussar, 

^ The game phenomenon has been observed in two other cultures which are thought 
to belong to Form^BS, but which were lost before a sufficient number of tests were made with 
them on the differentials. 



Table V 

Showing the reactions of three cuUures of Puccinia 
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culture no. 59 North. (Table IV) and the cultures indicated in Table V 
would have constituted another new physiologic form if the reaction on 
Hussar had remained constant to that type of infection. It is not un- 
likely that such a new form would erroneously have been described if 
only a few tests with these cultures had been made on the differentials 
and the cultures lost or discarded before their aberrant behaviour on 
Hussar became apparent. 

Effect of environmental factors on the behaviour of 

PHYSIOLOGIC FORMS OP PuCCINIA TRITICINA 

It has been mentioned earlier in this paper that experiments with 
many of the cultures of P. triticiria were carried on from February 1932 
until September 1934, throughout the year with the exception of the 
months of December and January. 

Mains and Jackson (9) and Johnston and Mains (S) agree in having 
carried out tests on physiologic forms of P. triticina only in winter and 
early spring. Waterhouse (22) experimented on two physiologic forms 
during summer and winter in order to test their variation in behaviour 
at different times of the year. Scheibe(i6) conducted tests in summer 
and winter, and though he does not recommend experimenting in mid- 
winter he states that he obtained good results then during bright frosty 
weather. 

Johnston and Mains (8) state: ‘‘It is now a well-known fact that 
environmental conditions often have a marked effect on the type of 
reaction exhibited by a variety.” 

Mains and Jackson (9) found that environment influenced the reaction 
of Hussar to some physiologic forms to the extent that this variety was 
highly resistant when inoculated in autumn and winter, and only mode- 
rately or slightly resistant when inoculated in late spring. Waterhouse (22) 
found that certain varieties of wheat were susceptible to two physiologic 
forms of P. triticina in summer and resistant in winter. 

Johnson (5) made a study of certain forms of P. graminis tritici which 
produce the type “x” reaction on certain wheats at ordinary greenhouse 
temperatures (about 65° F.). He found that Mindum seedlings inoculated 
with Form 29 at 58° F. gave a highly resistant reaction, and at 73° F. a 
susceptible reaction. He states that this behaviour is typical of those 
forms which at 65° F. produce an “x” reaction. Increased light intensity 
was found by Johnson to produce the same effect as increased tempera- 
ture on the development of those forms which produce the “x” reaction. 
He concludes that it is of the greatest importance to avoid excessively 
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high or excessively low temperatures in greenhouses where physiologic 
forms are being identified. 

Gassner and Straib(3) showed in investigations at Brunswick on Form 
14 of P. tritidna that at very low temperatures some of the reputedly 
highly resistant varieties, such as Malakof, Norka, Democrat and 
Mediterranean, became very susceptible. Webster, on the other hand, 
maintained its resistance at low temperatures. 

The question arises, therefore, whether physiologic form surveys 
conducted in different seasons and possibly under different conditions 
by various workers, can be correlated satisfactorily one with another. 

In the present study of physiologic forms of P. tritidna, the results 
indicate that while some forms vary somewhat in their reactions, especi- 
ally on the variety Hussar, many of the forms do not differ appreciably 
in winter and summer tests. 

In this study of physiologic forms it is to be noted that critical experi- 
ments to test the effect of environment on host reactions to physiologic 
forms of P. tritidna have not been carried out. Daily records of green- 
house temperatures were kept throughout the year, however, and it was 
usually found that an atypical reaction on a certain host by a physiologic 
form could be correlated with some definite fluctuation from the normal 
average temperature during the incubation of that form. 

The effect of low light intensity on the reactions to physiologic forms 
was found to be generally the same as that of low temperature. A gradual 
increase in susceptibility as the season advanced, however, was sometimes 
undoubtedly due more to increase in light than to increase in tempera- 
ture. The relative importance of these two factors, however, in their 
effect on host susceptibility was generally difficult to estimate. 

The greenhouse in which these experiments were conducted was 
heated during the winter, but thermostatic temperature control was not 
available. The average minimum temperature ranged from about 55 to 
60° F. Winter experiments in which complete failure of infection resulted 
after inoculation are thus thought to be less the effect of low temperature 
than of extremely low light intensity. Such experiments usually coincided 
with prolonged dull periods. That the temperatures mentioned above 
(55-60° F.) were not in themselves too low for development of P. tritidtia 
given a sufficiently high light intensity is shown by the experiments of 
Gassner and Straibc^), who obtained a successful infection with Form 14 
at temperatures of from 8 to 12° C. (46*4-53-6" F.). 

In summer the glass of the greenhouse was whitewashed so that the 
range of temperature was reduced. to some extent. Maximum daily 
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temperatures were often considerably higher than those prevailing during 
the greater part of the day, and usually persisted only for a short time. 

In Tables VI, VII and VIII averages of the number of hours of sun- 
shine per day experienced during the incubation periods are usually given. 
These records are not felt to be of any great value as accurate indications 
of light intensity during an experiment, as the periods of sunshine in 
winter were so unequal in their distribution. They serve to indicate to 
some extent, however, the very small amount of actual sunshine some- 
times experienced during the winter. Total light radiation during the 
tests rather than the duration of bright sunlight would probably be a 
more accurate guide to the effect of light on the behaviour of the 
physiologic forms. 

Abnormal production of the type “x” reaction 

An abnormal type ‘‘x” reaction was produced by some physiologic 
forms at unusually high temperatures. An example of this is shown in 
Table VI by Form 70 on Malakof, on which the normal reaction of this 
form was a variable type 2-4. On the occasion when the ‘‘x’’ reaction 
was produced the average maximum temperature during the incubation 
period was 85° F., and the light intensity was correspondingly high. 

Abnormal type ‘‘x” reactions were also produced by two physiologic 
forms as a result of decrease in temperature combined with low light 
intensity. 

It will be seen from Table VI that the normal reaction of Form 73 
on Webster was type 3-4. The records of the reactions of this variety to 
Form 73 are thought to indicate the effect on rust development of 
gradually decreasing light intensity in late autumn followed by an increase 
in intensity in early spring. The tests recorded at the beginning of October 
1933, in the middle of that month, and at the end of it, show the decreas- 
ing series of reactions indicated by the reaction types 4, 3 -f- and 2 -f- . The 
next test made in February 1934 produced the t 3 rpe “x’' reaction. The 
type 4 reaction was again produced in March and in subsequent tests in 
June, July and August. In this instance it is difficult to determine 
whether low temperature or low light intensity was the main contributory 
cause of the decrease in susceptibility, with the final production of the 
type “x’’ reaction. It does not appear from the temperatures shown in 
Table VI that temperature can account for the change in reaction. The 
decreasing series of types of reaction of Form 73 on Webster, however, 
are thought clearly to suggest that decrease in susceptibility followed 
decrease in radiation as winter conditions set in. 
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Form 71, the reactions of which on Hussar are shown in Table VI, 
produced a type “a;” reaction in a test in March 1934. The normal re- 
action, as indicated by tests in August 1933, and June and August 1934, 
was type 3-4. The production of the type “x’’ reaction in this instance 
seems to be clearly associated with the lower temperature and lower light 
intensity of March as compared with those of the other months. 

Table VI 


Abnormal production of type “a?” reaction by certain forms under 


certain environmental conditions 

Date S. 

T. 

Reaction 

Form 70 on Malakof: April 1933 

7-f 

76 

4- 

May 1933 

f) - 

76 

2 + 

June 1933 

9- 

76 

2 + 

August 1933 

7- 

83 

3- 

September 1933 
February 1934 

7 + 

79 

4 

4 

69 

4 

July 1934 

13 

85 


Normal reaction type 2-4 

Form 71 on Hussar: August S, 1933 8 - 

81 

4- 

August 11, 1933 

6 + 

82 

4 

August 21, 1933 

8 + 

73 

4 

March 1934 

3 

70 

♦x 

June 18, 1934 

8 + 

77 

3 + 

June 27, 1934 

5 + 

78 

3 

August 1934 

High 

High 

3 

Normal reaction type 3-4 

Form 73 on Webster; October 4, 1933 3- 

68 

4 

October 16, 1933 

4 

72 

3 + 

October 31, 1933 

2 + 

69 

*2 + 

February 1934 

3 

69 

*JC 

March 1934 

3 

68 

4 

June 1934 

8 

79 

4- 

July 1934 

High 

78 

4- 


Normal reaction type 3—4 


Date = Date on which reactions were read. 

S. = Av. number of hours of sunshine per day during incubation. 

T. — Av. max. Fahrenheit temperature during incubation. 

* — Abnormal reaction. 


Increase in resistance of normally susceptible varieties associated 
mth low light intensity and low temperature 

Increase in resistance in normally susceptible reactions of some wheat 
varieties to certain physiologic forms was frequently noticed in experi- 
ments during the winter. Three examples of such increase in resistance 
are shown in Table VII. 

With Form 72 the normal reaction on Hussar varied from the in- 
determinate type to susceptible. A very resistant type 1 reaction 
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was produced on Hussar by this form in a test in November 1932, when 
the average temperature was lower than usual and the light intensity 
extremely low, there being an average of little more than 1 hour of 
sunshine per day during the incubation period. 

The susceptible type 4 reaction of Form 73 on Carina was replaced 
by a type 2 reaction in a test at the end of October 1933. In the greater 
light intensity of February 1934, but at the same temperature, 69° F., 
the reaction of Carina to this form became type 3 + . The type 4 reaction 
was again obtained in the following month at an average temperature of 
only 68° F. The increase in resistance of Carina to Form 73 thus seems to 
be connected more with low light intensity than with low temperature. 

Table VII 

Influence of environmental fctctors on increase in resistance of 
normally susceptible txirieties 
Date S. 

Form 72 on Hussar: November 1932 1 - 

June 10. 1933 1 1 - 

June 24, 1933 0 r 

July 1933 M 

August 1933 7 

March 1934 3 - 

July 1934 High 

Normal rea<*tioii typ»* ^'-4 

Form 73 on Carina; October 4, 1933 3 - 

October 16. 1933 4 

October 31, 1933 2 * 

February 1934 3 

March 1934 3 - 

July 1934 High 

August 19^14 High 

Normal reaction type 4 

Form 75 on Carina: September 1933 9 

Februarv' 1 934 3 

March 1934 3 

March 1934 3 + 

July 1934 High 

Normal reaction type 4 

S. Av. hours of sunlight per day during incubation. 

T. — Av. max. daily temperature during incubation. 

♦ — Abnormal reaction. 

The reaction of Carina to Form 75 under low light intensity, also 
shown in Table VII, is similar to that of Form 73. The normal type 4 
reaction was changed in February 1934 to a type 2 reaction. A test in the 
following month again )delded the type 4 reaction. In this example, also, 
low light intensity rather than low temperature seemed to be the cause of 
the increase in resistance. 


T. 

lUuiction 

6S 

*1 

74 

4 

76 

jr 

72 

r 

.S3 

4 

6H 

.r 

78 

X 


6H 

4 - 

72 

4 - 

69 

•2 

69 

3 f 

68 

4 

78 

4 

79 

4 - 

82 

4 

69 

•2-h 

68 

4 

70 

4 

78 

4 
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Examples of increase in resistance in winter in the reactions of varie- 
ties which were normally susceptible to cultures of P. tritidna are com- 
paratively numerous, and are all more or less similar to those illustrated 
in Table VIL It is thought, however, that while in some of the examples 
there is a definite correlation between increase in resistance with relatively 
low temperatures, in general the winter temperatures in the greenhouse 
were not low enough to inhibit normal development of cultures if the 
light intensity had been normal. For example, a prolonged dull period 
in March 1934 at an average maximum temperature of 70° F. resulted in 
the production of a type 2 + reaction by culture no. 59 North, on Carina, 
the normal reaction being type 3-4. Earlier in the same month, but in 
better light, the reaction of Carina to this culture had been type 3 
(Table IV). 

Increase in susceptibility of normally resistant txirieties associaied 
icith increased temperature and light intendty 

Increase in susceptibility in some varieties normally resistant to 
certain physiologic forms was noticed in association with increased 
temperature and light intensity. Such increase in susceptibility, however, 
was not usually of such a character as to cause a complete change in 
reaction from resistant to susceptible. A striking exception to this was 
ob.served in the reactions of Form 70 on Hussar (see Table VIII). The 
normal reaction of Hussar to this form was type 1-2. In two te.sts, 
however, in August 1933 and July 1934, when the average maximum 
temperatures during iiu'ubation were abnormally high (83 and 85° F, 
respectively), type 4 reactions were produced on this variety. The 
correlation show n in this example between high temperature and increase 
in susceptibility is very clear. A somewhat similar increase in suscepti- 
bility at a very high temperature was shown by a culture (no. 31 Cam- 
bridge) of Form 08 on Hussar. 

The reaction of Form 08 (culture no. 35 Cardiff) on Hussar, which was 
normally type 1-2, show's a variation apparently due to change in light 
intensity somewhat similar to the examples given in Table VIL With this 
culture Hussar becomes more susc'eptible with increasing light intensity, 
a type 0 reaction having been productHl in March 1934, and a type 1-2 
reaction in April, June and July. 

On the whole, forms which produced a resistant reaction on the 
differential varieties were observed to varj^ less with changes in en- 
vironment than those which produced susceptible reactions. In the 
cultures whose reactions on Hussar are given in Table VIII, the variation 
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of the two cultures of Form 68 is not very great, and the profound varia- 
tion in the reaction of Form 70 on Hussar was an isolated example. In 
general, physiologic forms which produced resistant reactions on the 
differential varieties were very constant to their particular types of 
infection in tests made at different times of the year. 

Table VIII 


Effect of increase in light intensity and tempercUure on the reactions of 
varieties normally resistant to certain forn^ of Puccinia triticina 


Date 

8. 

T, 

Reaction 

Form 70 on Hussar: April 1933 

7 + 

76 

2 _ 

May 1933 

4 + 

76 

2 

July 1933 

7 

72 

2 

August 1933 

6^ 

83 

•4 

September 1933 

7 

75 

1-f 

Feoruary 1934 

4 

69 

1 - 

July 1934 

13 

85 

•4 

Normal reaction type 1-2 



Form 68 on Hussar 




(culture no. 35 Cardiff): March 1934 

3 + 

72 

0 

April 1934 

4 

71 

2 

June 2. 1934 

7 

74 

1 

June 15, 1934 

8 

77 

2 

July 1934 

High 

78 

2 

Normal reaction type 

1-2 



Form 68 on Hussar 




(culture no. 31 Cambridge): April 1934 

4 

70 

1 

June 1934 

8 

79 


July 3, 1934 

7 

77 

1 

July 16, 1934 

High 

8.3 

0*2 

August 1934 

High 

7d 

1 

September 1934 

Low 

Low 

0 

Normal reaction type 0-1 




8. = Av. number of hours of sunshine per day duniig incubation. 
T. = Av. max. daily temperature during incubation. 

• = Abnormal reaction. 


General trend of variation in reaction 

Attention is drawn to the fact that all the examples of variation in 
reaction cited in the foregoing discussion which have been considered to 
be due to environmental factors have been in the direction of decrease in 
susceptibility with decrease in temperature and light intensity. The 
previously mentioned observations of Jackson and Mains (9), Water- 
house (22), and Johnson (6), support this view. 

Petur8en(i4), in experiments on P, coronata var. avenae^ inoculated 
physiologic Forms 1, 3, 4 and 7, on the differential host varieties at 
temperatures 67, 70 and 77° F. He found that the type of reaction 
produced by Forms 1 and 2 was not influenced by temperature. Red 
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Rustproof was susceptible to Form 4 at 70 and 77° F. but resistant to it 
at 57° F. Form 7 developed heavily on all the differential varieties at 
77° F., but at 57° F. it failed to produce spores on Green Mountain, White 
Tartar, and Green Russian Oats. 

Gordon ( 4 ), in experiments on P, graminis var. avenae, found that 
Joanette oats was highly resistant to Forms 1, 3, 4 and 5 at 57*4° F., but 
at 71*9 and 64*8° F. this variety was completely susceptible to all these 
forms. 

Change of reaction from resistant to susc eptible at low temperatures 
such as that described by Gas.sner and Straib(3) for Form 14 of P, triiicuia 
has not been observed in the present investigation. These workers found 
that certain wheat varietie.s, namely Norka, Malakof, DemcKrat and 
Mediterranean, which were very resistant to Form 14 at 18*7° C.. 
became very susceptible at temperatures of 8-12° C. 

W'hen a change in reaction from susceptible to resistant was observed 
in my experiments, however, the decrease* in susceptibility at the lower 
temperatures was invariably associated with low light intensity, and the 
results indic4ite that in many instances low light intensity was the more 
important contributory factor to the change in reaction. Temperature.^ as 
low as those at which Gassner and Straib worked (8 12° C.) were never 
experienced in the greenhouse. The observations which 1 have made, 
however, indicate that, in general, low temperature and low light 
intensity reduce the susceptibility of certain of the differential varieties 
to many physiologic forms of P. tridrifta. 

Distribution and prevalence of physiologic forms of 

PvcCiyiJ THJTICJSA IN ENGLAND AND WHALES 

The localities from which the cultures tested in this study were col- 
lected are fairly representative of England and Wales, although the 
north of England is represented only by collections obtained from the 
vicinity of Newcastle-on-Tyne. Also, from some of these localities only 
one collection was obtained, e.g, Rothamsted and Aberystwyth, so little 
is known of their representative rust populations. 

Table IX shows the geographical distribution in this country of the 
physiologic forms which have been determined, and to some extent also 
their annual distribution and relative prevalence. 

Only a few of the forms described for England and Wales were com- 
mon to two or more localities. Of the ten physiologic forms shown in the 
table, five were obtained once only. These were Forms 10, 69, 71, 72 and 
73. Form 70 was isolated twice, but from the same locality in successive 
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years. Form 68 was isolated three times, Form 67 five times, Form 16 
seven times, and Form 66 fourteen times. 


Table IX 


Physiologic forma obtained in England and Wales during 
1931, 1932 and 1933 


Bothamsted 1931 

Cambridge „ 

Cambridge 1932 

Newport (Salop) ,, 

Newton Abbot (Devon) 
Cardiff 

Reading 1933 

Newcastle -on -Tyne ,, 

Ashmore (Dorset) ,, 

Aberystwyth „ 

Cambridge „ 

New'port (Salop) „ 

Newton Abbot (Devon) 
Cardiff 

Total no. of times each 1931 
form was isolated 1932 

1933 


_ 66(1) - ~ 

— 66(1) — - 

— 66(4) — _ _ _______ 

— 66(1) 67(1) — 

_____ 68(1) — 69(1) — —72(1) — 

— 66(1) - - ~ — 70(1) - ~ ~ 

— 66(1) 67(1) — - — 

— 66(2) — - *10(1) 

- 67(1) ~ ______ 

- - - - _ _ 71(1) - - 

l.>(2) 66(3) 67(1) 68(1) — - _ 

15(1) -- - -- ™ - 

15(1) — _ 73(1) 

15(3) — 67(1) 68(1) - - 70(1) 


— 6 1 1 —1111 — 
7 6 4 2 1 I - 1 


• Mutant from culture no, 69 North. (Form 66). 

( ) Numbers in brackets indicate the number of (‘ollections froni which the form was 
isolated. 


Field observations on the occurrence of Pik cima tiuticisa 

IN THE VI( INITY OF Ca.MBRIDGE 

Evidence of overwintering of P. IrUicitM in Britain has lieen presented 
by Mehta (10). In the course of this survey P. Iriticim was found in tlie 
field during 1932 from early July till October. It was not again found 
until February 1933, when a few pustules were seen on self-sown wheat. 

From observations made during 1932, 1933 and 1934 it appeared 
that P. triticina did not become generally prevalent in the field until 
June or July. In 1933 it was fairly common late in June, and by the 
middle of July it had established itself on most of the varieties kept under 
observation. In 1934 the experimental plots still showed only slight 
traces of P. triticina by the middle of July, shortly after which the plots 
were harvested. 

In general, field observations at Cambridge indicate that by the time 
P. triticina becomes prevalent in most seasons many wheat varieties 
have already been infected so heavily by P. glumarum that most of the 
leaves have already shrivelled. (This generalisation does not hold good 
for 1934, which was an abnormal season for ccr^l rusts. Most wheat 
varieties on the experimental plots were only slightly infected with 
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P, glumarum.) In a fine summer harvest follows soon after general 
infection by P. tritidna. Teleutospores were not observed by the writer 
in the field. 


General discussion 

It is recognised that the data which have been presented on the 
distribution of physiologic forms of P. triticina in Britain are incomplete. 
The results obtained, however, are sufficient to indicate that British 
forms differ markedly from those on the continent of Europe and in North 
America, Form 66, which is comparatively virulent on the differential 
varieties, appears to be the most widely distributed as well as the most 
frequently encountered form of P. triticina present in Britain. 

The results of this survey in general indicate that the number of 
hitherto undesoribed forms of P. irUicina which have been encountered 
is very high for an area as small as England and Wales. It might have 
been expected that British physiologic forms would be mainly identical 
with those previously described in continental Europe. On the contrary. 
Form ID is the only one isolated in Britain which agrees with any form 
hitherto descrilied there. This form has a very wide distribution. It was 
first described by ScheibedtJ) from Germany. Wellensiekos^) encountered 
it in the Netherlands, and Dodoffr^) in Bulgaria; Radulescu(i5) isolated it 
from a collection of P. triticina obtained from Greece, and Johnston and 
Mains (^) record it in the United Htates, Finally, in the present survey 
this form has been shown to occur also in Portugal. 

The variant of Form 10. which arose as a mutant from a culture of 
Form 66. agrees essentially with Form 10 described from the United 
States. 

With regard to the fact that no other form e.xcept Form 15 has been 
encountered in Britain which has also been described on the continent 
of Europe, it has been .shown by Bailey 0) in Canada and Mehta (ii) in 
India that rust spores are carried considerable distances by wind. One 
would have thought it possible, in view’ of this evidence, that several of 
the forms in continental Europe' would have occurred in Britain on ac- 
count of wind dispersal. During the season when east winds prevail 
(February- March), however, P. triticina w ould not be generally prevalent 
in northern and central Europe. It is possible, however, that other forms 
common both to Britain and the continent of Europe are present in this 
country but have not been revealed in this investigation. 

It is difficult to suggest an explanation for the number of new physio- 
logic forms of P. irUiciM which have been shown to occur in England 
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and Wales. Scheibe(i7) stated that in Germany forms increased in 
number and in inherent intensity of attack towards the east, indicating 
that the ‘‘specialisation centre’’ of P. triticina lies in eastern Europe 
(Russia and the Balkans). He indicated the possible significance of the 
prevalence of P. triticina on its aecidial hosts in Russia, where fourteen 
species of Thalictrum have been found to be susceptible to it. In C/on- 
nection with the production of new forms by hybridisation, Stakman, 
Levine, and Cotter (20) and Newton and Johnson (13) have demonstrated 
the importance of the part played by the barberry in the genesis of new 
physiologic forms of P. gra minis. As no species of Thalictrum in this 
country has been found to be naturally infected by Puccinia triticina an 
explanation of the number of forms which are present here must be sought 
elsewhere. Johnston and Mains(H) state: “In the United States the 
native species of Thalictrum, as far as they have been tested, are resistant 
to P. triticina, and yet there are often many physiologic forms present in 
a single season. This is especially true of the eastern part of the United 
States. It seems, therefore, that some factor or factors other than the 
presence of the aecidial host must be sought to explain the distribution 
and abundance of physiologic forms of brown rust of wheat in this 
country.” 

It is suggested that mutation, which has been shown to be resjxmsible 
for the origin of at least one physiologic form during the course of this 
survey, may be largely responsible for the creation of new forms in this 
country. 


Summary 

1. Forty-six collections of Puccinia triticina have been tested for the 
determination of physiologic forms. The majority of these* were studied 
as single-spore cultures. With the exception of three from Portugal the 
collections were made in various parts of England and Wales. 

2. Ten new physiologic forms of P. triticina (Forms 66-75 inclusive) 
are described for the first time. Forms 66-73 were obtained from 
collections in Britain, and Forms 74 and 75 from Portugal. 

3. A mutation in pathogenicity is here recorded for P. triticina for 
the first time, in the origin in the greenhouse of a variant of Form 10 
from a culture of Form 66. 

4. An apparently inherent instability in the behaviour of Form 66, 
as exhibited by an abrupt change in reaction on the variety Hussar from a 
resistant to a susceptible type, is discussed. This change cannot satis- 
factorily be correlated with environmental conditions or mixture of 



Florence M. Roberts 299 

cultures. Such instability was not observed in cultures of any other 
physiologic form encountered in this investigation. 

5. Changes in environmental conditions affected the reactions of 
some of the differential varieties to certain physiologic forms. For 
example: 

(а) Abnormal production of a type “a-” reaction on certain of the 
differential varieties was found to be correlated in some forms with 
excessively high temperatures during incubation. Decrease in light 
intensity, combined with decrease in temperature, was found to be 
responsible for the production of an abnormal type “x ” reaction by other 
forms. 

(б) Increase in resistance in normally susceptible reactions was found 
in many forms to be associated with low light intensity and low tempera- 
ture. Results, however, indicated that low light intensity seemed in 
general to be the more important factor in bringing about this reduction 
in susceptibility. 

(c) Increase in susceptibility in the normally resistant reactions of 
certain varieties to some physiologic forms was found to be correlated 
with increased temperature and light intensity. Increase towards 
susceptibility of normally resistant reactions was not usually of a very 
profound type. Rcvsistant reactions were found on the whole to be less 
sensitive to environmental fluctuations than susceptible reactions. 

6. Infection of certain varieties, e.g, Malakof, Webster and Democrat, 
by Erysiphe gramxnis induced the development of pustules of a susceptible 
type by some physiologic forms of Puccinia trilicina to which these 
varieties were normally resistant. 

7. Form 66 appears to be the commonest and the most widely 
distributed form in Britain. This form was isolated fourteen times, 
Form 15 seven times, Form 67 five times, Form 68 three times, Form 70 
twice, and Forms 10, 69, 71, 72 and 73 were each isolated once only, 

8. Some variation in the annual distribution of physiologic forms 
was observed in the collections made near Cambridge, Newton Abbot, 
and Cardiff. 

9. The fact that no previously describe forms, except Forms 15 
and 10, have been encountered is discussed. The apparent absence of an 
aecidial host for P. triticina in this country presents a problem as to the 
origin of the forms found here. Itis suggested that mutation may acoount 
for the occurrence of some of these forms in view of the origin during the 
course of this investigation of a variant of Form 10 from a culture of 
Form 66, presumably by mutation. 

Ann. BioU xxui 
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STUDIES IN BACTERIOSIS. XXII 

I. THE ISOLATION OF A BACTERIUM ASSOCIATED WITH 
“FASCIATION ” OF SWEET PEAS, “CAULIFLOWER” 
STRAWBERRY PLANTS AND “LEAFY GALL” 

OF VARIOUS PLANTS 

By MARGARET S. LACEY, M.Sc. 

(Bacteriological Lahoratorij, Imperial College of Science 
and Technology, London) 

(With Plates X and XI) 

Sweet peas affected by the disease known as “ fascist ion” usually 
produce a single upright stem with a development at the base of a mass 
of short swollen shoots and fleshy lunjps (Plate X, fig. 1 ), but in severe 
cases the main shoot itself may fail to grow to any height (Plate X, 
fig. 2). 

In 1927 Brown (i) concluded that “fasciation" of sweet peas was a 
form of crown gall caused by a weak or highly specialised strain of 
BorCierium tumefacievs. Muncie and Patel in 1930(.H) opposed this view, 
their experiments leading them to the opinion that the cause was 
physiological, namely the overcrowding of the roots of seedlings grown in 
small pots. 

Shortly before the publication of Brown’s paper the writer attempted 
to isolate Bact. tumejaciens from ‘‘fasciated” sweet peas, but without 
success, while the inoculation of known cultures of Bact. tunwfaciens 
into sweet-pea seedlings resulted in the formation of typical crown galls 
at the point of inoculation, but in no case was there any “fasciation 
An attempt was also made about this time to isolate Bact. tumcfaciens 
from plants affected by the disease known as “cauliflower” of straw- 
berries, but again only negative results were obtained. No further work 
was done on these diseases until the summer of 1933, when one severely 
fasciated sweet-pea plant was procured. This plant had one stem, 3 in. 
in length, considerably swollen at the base, and wdth no leaves unfolded ; 
there were also numerous shorter, swollen stems about 1 in. long and a 
mass of fleshy lumps on the crown. Isolation plates were made from the 
basal lumps and all developed very mixed bacterial growth. Sweet-pea 
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seeds, sterilised in mercuric chloride and germinated on blotting paper, 
were pimctured by a needle in the hypocotyl region when the plumules 
were about J in. long, and then planted five in a pot in small pots contain- 
ing steamed soil. Two pots were kept as controls, two were inoculated with 
a water suspension of crushed tissue from the original plant, and the 
remaining four with suspensions of mixed bacterial growth from the 
isolation plates. Three weeks later each of the controls had the normal 
single stem, whereas, in all the inoculated pots, several of the seedlings 
had small basal shoots and slight swellings at the base of the main stem. 
A week lat^r all the seedlings inoculated with bac terial cultures and three 
of those inoculated with tissue extract showed decided fasciation. After 
two months all but one of the plants inoc ulated wdth mixed bacterial 
cultures were severely fasciated, while of those inoculated with tissue 
extract three had rotted, three were fasciated and four were negative. 
All the (‘outrols had a single stem with no sign of basal swellings or 
growths. 

In a second experiment all the seedlings inoculated wdth tissue extracts, 
or with mixed bacterial cultures isolated from a fasciated plant of the 
first experiment, prtnluced the disease; in addition three seedlings grown 
in tlie soil from which this plant had been removed developed severe 
fasciation. 

These two experiments having proved that fasciation was caused by 
an infective agent, a search was made for the causal organism. In this 
( onsiderable difiiculty was encountered, for w hile inoculations made from 
mixed bacterial cultures obtained from diseased material invariably gave 
positive results, numerous inoculations made from single colonies of 
various types failed to produce the disease. Unfortunately it was useless 
to reduce the numbers of extraneous organisms by sterilising the outside 
of th(‘ diseased shoots before making isolations, for, although this pro- 
cedure markedly reduced the number of colonies on the plates, no 
ino('ulations from these w ere successful. All material from which isolations 
were made was therefore w'ashed only in sterile water and, since the 
original inoculations were made with very mixed culture.^, difficulty was 
caused by numerous types appearing again on reisolation from these. 
After a great number of single colonies had been tested with negative 
results it was thought that the disease might be caused, not by a specific 
pathogenic organism, but by chemical substances produced by mixed 
cultures of common soil species, the grow'th of which would be greatly 
accelerated by inoculation into sterilised soil. To test this hypothesis, 
isolations similar to those from the sw^eet-pea shoots were made from 
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garden soil, and the resultant bacterial growth was inoculated into pots of 
sterile soil planted with sweet-pea seedlings; these all grew normally. In 
a further test a mixed culture from an isolation plate giving a strongly 
positive infection was subcultured, the subculture again subcultured, and 
so on five times. These five subcultures were tested on sweet-pea seedlings 
with completely negative results. The causal organism must therefore 
have been quickly crowded out by the more vigorous growth of the non- 
pathogenic bacteria. There remained the possibility that the disease was 
of virus origin, for the virus might be present in sufficient concentration 
in the suspensions of mixed growth made from isolation plates but not in 
the subcultures. To test this, badly fasciated shoots were crushed in 
water and half the suspension was passed through a bacterial filter. 
The two halves were then watered into the soil of pots planted with 
sweet-pea seeds. Fasciated plants were produced in the pots inoculated 
with the unfiltered extract but none in those inoculated with the bacterial- 
free filtrate. A similar result was obtained from the inoculations of 
extracts made from soil in contact with fasciated plants. 

Having thus failed to demonstrate the presence of a virus, a further 
search for a pathogenic bacterium was instituted, and finally several 
virulent cultures were obtained. These cultures were from single colonies 
from isolation plates, but were of three different species. On further 
plating however a minute, very slow-growing colony of a distinct type 
was found on the plates made from virulent cultures. After further 
purification it was found on inoculation that these tiny colonies all 
produced fasciation, while negative results were obtained from the 
strains with which they had been mixed, all of which were of a markedly 
viscous nature, a fact which accounted for the difficulty experienced in 
separation. Several colonies of the organism thus isolated have been 
tested repeatedly by inoculation on sweet-pea seedlings and invariably 
produce severe fasciation (Plate X, fig. 3). The organism has been reiso- 
lated from the fasciated plants, and again proved virulent. 

Isolations from “leafy galls'' 

In the t 3 rpe of growth called “Leafy Gall" a number of very short, 
hypertrophied shoots develop at the base of the plant or cutting, some- 
times only just appearing above soil-level, but splreading horizontally till a 
large gall-like mass is produced, the older parts of which rot away but 
later become replaced by further growth. Photographs of such growths 
on chrysanthemum, carnation and Schizanthm retusits are shown on 
Plate X, fig. 4 and Plate XI, figs. 1 and 2. When a chrysanthemum plant 
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is severely attacked, no normal basal shoots develop; in consequence 
when many plants of a particular variety are affected, the grower is 
unable to obtain sufficient cuttings to replenish his stock. The fasciation 
may develop in the propagating boxes a few weeks after the cuttings have 
been planted, a fact which suggests that infection may be carried by 
shoots taken from diseased plants. The disease is not so serious with 
carnations as the cuttings from these plants are -made from the top 
growth, but a severely galled plant is much weakened, and the flowers 
may not be properly developed. 

These growths are becoming increasingly common and are now causing 
concern in several nurseries. 

On the suggestion of Prof. W. Browm, to whom the author is also 
indebted for procuring some of the material used in this w ork, isolations 
were made from “leafy galls’’ of carnations, chrysanthemums and a 
species of Schizanthus, from all of which bacterial strains agreeing 
closely in cultural characteristics with the sweet-pea organism were 
obtained. These strains were tested on sweet-pea seedlings and all pro- 
duced typical “fasciation”, the Schizanthua strain being particularly 
virulent. 


Isolations from “('ArLiFLOWER” of strawberries 

The “cauliflow'er” disi'ase of strawberry plants has been attributed 
to the nematode Aphelencho\di\s fragariae, but the count c non has not 
been proved. GoodeyrJ), in a recent paper, says: Another difficulty in 
the way of understanding the aetiology of both ‘cauliflower’ and ‘red 
plant’ in the straw’berry is the fact that one and the same ectoparasite is 
found associated with two diverse conditions, the former giving rise to 
excessive bud formation and abnormal flowers, the latter on the other 
hand to blossom reduction or blindness. Again, if A,fragariae is the sole 
cause of ‘cauliflower’ and ‘red plant’ it is difficult to account for the fact 
that we may find a ‘cauliflower’ or ‘red plant’ crown side by side with a 
normal healthy crown on the same plant, the worms being present on 
both affected and healthy regions It will be evident from the fore- 

going remarks that still further investigations are required to elucidate 
the aetiology of these tw'o diseases of strawberry plants. Meanwhile, 
A.fragariae cannot be^ dismissed as a possible or probable agent in their 
causation though the exact part played by it and the nature of its action 
remain to be determined.” Goodey(2) gives the following description of 
the “cauliflower” disease: 

“Affected crowns differ from healthy ones in that the stem and its 
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appendages become much stunted and swollen almost to a fasciated 
condition. The surface of the crown is covered with a large number of 
dwarfed buds, thus resembling a ‘cauliflower*. The inflorescence also 

becomes greatly aflFected and shows characteristic appearances In 

extreme cases all the crowns of a plant may show the ‘cauliflower’ 
condition but it is not uncommon to find a plant shoiving one or two 
‘cauliflower’ crowns as well as normal ones. The pathology of this con- 
dition has not been worked out.” 

In the summer of 1935 Mr W. Buddin, Advisory Mycologist of the 
Ministry of Agriculture, suggested that a search should be made for 
bacteria resembling the sweet-pea organism in strawberry plants affected 
by “cauliflower” disease, and sent a plant which he had inoculated some 
months previously with crushed “cauliflower” tissue and which showed 
typical symptoms of the disease. A second specimen was obtained from 
Mr D. 0. Boyd of the Hants County Fruit Station. From both these 
plants strains of bacteria culturally similar to the sweet-pea organism 
were isolated and on inoculation both produced typical fasciation in 
sweet-pea seedlings. 

Inoculation experiments 

With the exception of the preliminary experiments, in which the soil 
was steamed, and in other tests to find out whether soil sterilisation 
affected the development of the disease, the soil used in the inoculation 
experiments was sterilised in the autoclave for 4-5 hours at 20 lb. pres- 
sure, in small 3-4 in. pots. At first, sweet pea seed var. John Ingraan 
was used, later a sample of mixed seed was tried and as this proved 
satisfactory, giving 100 per cent, fasciation of inoculated plants, its use 
was continued. The seeds were sterilised for 10 min. in 1/1000 mercuric 
chloride, washed in several changes of sterile water, and placed on sterile 
moist filter-paper in Petri dishes. When prick inoculations were made, 
the seeds were kept in the dishes until the plumule had emerged, and this 
was pricked with a very fine glass needle which in some tests was smeared 
with the culture. The seeds were planted three or four in each pot, 
placed under bell-jars in a greenhouse, and watered with sterile water. 
In the hot weather during July and August 1936 infection was apparent 
8-10 days after inoculation and was very marked by the end of 3 weeks 
(see Plate X, fig. 3). Frequently in the tests made at this time the 
plumule failed to grow more than 2 in. or so in height and was often 
swollen and hypertrophied with no normal leaves, while a mass of 
secondary fasciated shoots developed round this primary shoot. All these 



Margaret S. Lacey 


307 


growths originated at a point between the cotyledons and the primary 
shoot. In most cases inoculations of pure cultures of all the strains 
resulted in 100 per cent, positive results, but occasionally one plant in a 
pot of three or four would fail to show any sign of fasciation. It is possible 
that some varieties of seed may be less susceptible than others, but varietal 
tests have not yet been made. 

After the various strains had all been proved virulent on prick 
inoculation, an experiment was made to find out whether wounding was 
necessary. The seeds were germinated as usual on filter-paper and half 
were pricked with a sterile needle before planting ; the other half were not 
injured. A water suspension of the cultures was then poured into the soil 
surrounding tiie seeds. Fasciation developed equally well in both the 
pricked and uninjured seedlings with all the strains, thus proving that 
the organism was not dependent on the presence of wounds to produce its 
effect. 

A further experiment was made to determine whether the age of the 
seedling at the time of inocidation was an important factor. Sw^eet-pea 
seedlings were inoculated with the sweet-pea strain both by prick and by 
unwounded surface ino(‘ulation, immediately after germination, and at 
10, 17 and 24 days old respectively. Table I shows the result of this 
experiment. 

Table I 

Effect of age of sieeet-p^’xi seedlitigs on inoculation 
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In each case rapid and severe fasciation developed in all the seedlings, 
both pricked and unwounded, which were inoculated just after germi- 
nation. In the 10-day-old seedlings the disease took longer to develop 
and was less severe, especially in the unwounded seedlings, which only 
produced slight abnormal growth. The 17-day-old pricked seedlings were 
similar to the 10-day-old, while all the unwounded seedlings remained 
normal. By the 24th day seedlings had become still more resistant, only 
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40 per cent, of the pricked ones developing slight fasciation. Here again 
all the surface inoculated ones developed normally. Therefore seedlings 
must become infected at a very early stage in their growth for severe 
fasciation to result. 

Prick inoculation of the aerial parts of the stems of sweet-pea seedlings 
gave negative results in every case with all the strains. Negative results 
were also obtained by the inoculation of the strains into tomato stems 
and on carrot slices, on both of which Bact, iuniefadetis produced typical 
crown galls. 

As it is impossible to ensure the sterility of plants grown in pots in a 
greenhouse, and in order to dispel any suspicion that infection might have 
been carried from one pot to another by insects, handling, watering, etc., 
the experiment was tried of growing inoculated sweet-pea seeds in sterile 
sand and water in small bottles and test-tubes plugged with cotton- 
wool. In every case seedlings inoculated with the strains from sweet 
pea, chrysanthemum, carnation, schizanthus and cauliflower-strawberry 
developed rapid and severe fasciation (Plate XI, fig. 3). As controls, seeds 
were left uninoculated, or infected with common soil and water organisms, 
namely Bact. fluorescens liquefaciens, B, me^gatheriumy B. rnesentericus and 
B, coli. Every control seedling developed a single shoot, with no signs of 
any basal growth or swelling. 

These experiments afford conclusive evidence that the organisms 
isolated from ‘‘fasciated” sweet peas, ‘'leafy galls” of chrysanthemum, 
carnation and SchizanthuSy and “cauliflower” strawberry, are capable 
of producing the disease known as “fasciation” of sweet peas. Inocula- 
tions of the other host plants are now in progress, and much work remains 
to be done on the aetiology of the sweet-pea disease, the relationship of the 
organism to the host, and on the organism itself. 

Preliminary description of the organism 

The organism is a rod of very variable length, sometimes filamentous 
in old cultures, frequently found in groups forming Y’s, W’s, star- 
shapes, etc. Involution forms are common, the whole morphology of the 
organism being suggestive of B. radidcola or Bad. tumefaciejis. 

In old cultures intracellular bodies resembling spores are frequent, 
but when the malachite-green-safranin spore stain is used, these bodies 
stain deeply with the safranin and not with the malachite green. 

The organism is Gram-positive and non-acid-fast. No motility has 
been observed in any medium, liquid or solid. 

On first isolation, colonies on bouillon agar develop very slowly and 
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remain small, but after several subcultures better growth is obtained. 
Colonies are round, raised, with entire margin, becoming dense, rather 
dry, sometimes papillate, sometimes with a narrow flat border; white at 
first, slowly becoming first pinky yellow, then deep yellow in old cultures. 
On bouillon agar slopes the growth is rather slow, somewhat viscid, white 
at first, becoming deep yellow with age. Growth in broth is feeble, 
mostly at the top, exhibiting marked aerobism; a laminate pellicle is 
formed. The optimum temperature for growth is 25° C. ; no growth at 
37° C. Thermal death-point is about 50° C. The organism does not liquefy 
gelatine or reduce nitrat<% and has no diastatic action on starch. No acid 
or gas is produced in peptone water with the addition of glucose, lactose, 
saccharose, mannitc, maltose or glycerine. In synthetic medium con- 
taining 1 per cent, of these substances, with brom-thymol blue as indica- 
tor, growth was meagre in all the cultures and there was no colour change 
until the seventh day, when the glucose and maltose tubes were slightly 
yellower than the control tubes. After 15 days, the carnation strain had 
turned the brom-thymol blue yellow in glucose, lactose, saccharose and 
maltose; the chrysanthemum and strawberry strains in glucose, lactose 
and maltose, and the Schiza)Uhu8 and sweet-pea strains in glucose and 
maltose only. There is thus a slight difference between the strains in their 
growth in synthetic sugar media, but the production of acid is so very 
slow and slight that none can be said to be acid producers. Bad. tunte- 
Jaciem, t<\sted on the same media, had produced a yellow colour at the top 
of the tubes by the third day, and throughout the tubes on the sixth day, 
with the (‘xception of the glycerine ones. 

A further slight differentiation of the strains was noted in their growth 
in litmus milk. An alkaline reaction was developed in all, and the litmus 
was slowly reduced, but with considerably more rapidity by the carnation 
and Schizauihus strains than by the others. A soft clot developed very 
slowly in the carnation and sweet-pea cultures, followed by slow digestion ; 
slow’ digestion without clotting occurred in the Schizanthus and one 
chrysanthemum culture, and no clot or digestion in another chrysanthe- 
mum and the strawberry cultures. This organism has not been identified 
with any known species. 


Summary 

1. An organism has been isolated from fasciated sweet peas and 
found to reproduce the disease on inoculation into young seedlings. 

2. Bacterial strains culturally similar to the sweet-pea organism have 
been isolated from “leafy galls’’ on chrysanthemums, carnations and 
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Schizanthus, and from “cauliflower” of strawberry. On inoculation all 
these strains produced marked fasciation in sweet-pea seedlings, and also 
produced fasciation of sweet-pea seedlings growing in inoculated sand 
cultures. 

3. A preliminary description of the organism has been given. 
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EXPLANATION OF PLATES X AND XI 

PLATE X 

Fig. 1. Fasciated sweet pea with normal primary shoot. Result of inoculation with crushed 
fasoiated tissue. 

Fig. 2, Fasciated sweet pea. No normal shoots. Result of inoculation with a bacterium 
isolated from fasciated sweet peas. 

Fig. 3. Sweet-pea seedlings 3 weeks after inoculation with the 8W’eet-pt*a organism. 

Fig. 4. ‘'Leafy gall” of chrysanthemum. 

PLATE XI 

Fig. 1. “Leafy gall” of carnation. 

Fig. 2. “Leafy gall” of Schizanthus retusuM, 

Fig. 3. Fasciated sweet-pea seedlings, grown in bottles in sand inoculated with bacterial 
strains isolated from various host plants. 
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ADDENDUM 

March, 1936. It has been brought to my notice that at the 26th 
Annual Meeting of the American Phytopathological Society, December 
1934, P. E. Tilford reported that he had isolated a pathogenic organism 
from fasciated sweet peas. At the 27th Annual Meeting in January, 1936, 
he stated that he had isolated the same organism from fasciated growths 
on geranium and chrysanthemum. No description of the organism is 
given in the reports of these meetings. M. S. Lacey. 
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Introduction 

Mr y s( iiEi{OSA was first brought to the author’s notice by Mr 

1’. K. 0. Bally, who collected a sample of the bark and forwarded it with 
a note to the effect that the natives on the coast preferred this plant to 
any other as a fivsh poison; it was, they stated, far more effective than 
Tephrosia When tested in the laboratory it was found to be not 

only considerably more t^xic to insects than T. vogelii but almost equal 
in effect to Derris root. Accordingly it was decided to conduct a thorough 
investigation of this plant. 

The tree has been identified as Mundulea suberosa Benth., but some 
differences occur in the various specimens which have been accepted as 
M, suberosa y both in the Amani herbarium and at Kew, so that it is 
possible that there may be two varieties of this species; the one at present 
under examination having more pointed leaves and less corky bark than 
the other (as described in various reference books). 

M. suberosa growing near the coast at Moa attains a height of 15- 
20 ft. ; it grows well in the drier areas and is moderately common in the 
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thin forest belts. When grown singly in the open it becomes somewhat 
bushy. When cut back it coppices freely. 

It occurs to some extent in the Luengera Valley near Korogwe and in 
the Zanzibar islands, samples having been obtained from these two 
places; it is also reported from Mpwapwa and Arusha, but no samples 
have yet been obtained. 

Young trees grown from Moa seed appear to be doing well in Amani, 
and it is hoped that a small plantation of these trees which has been 
started on the plains will provide material for investigation into the 
habits and the variability of toxicity, both seasonal and in individual 
trees, so that by selection it may be possible to produce trees of high 
toxicity. 


Historical 

Mundulea suberosa has been recognised as an efficient poison for a 
considerable number of years. The earliest reference available in Amani is 
for 1898 when GreshofI, in the Dutch Indies, carried out some experiments 
on its toxicity to goldfish ( 3 , 4 ). He found that extracts of the bark at a 
strength of 1 in 30,000 killed goldfish weighing 50 gra. in 15 min.; a 
further extraction of the same material with alcohol was toxic to the 
same extent when used at a strength of 1 in 4000, and a still further 
extraction with boiling alcohol at a strength of 1 in 1000; the residue was 
then non-toxic. Greshoff isolated a white powder from these alcohol 
extracts which he considered was probably rotenone (or derrid as it was 
then called); tested against goldfish he found that 1 part in 1 million 
stupefied the fish in 10 min., 1 part in 5 million in 40 min., and 1 part in 
10 million in 50 min. 

In 1925 Chevalier (1) reported that M. suberosa is an effective fish 
poison, and that it is cultivated for this purpose in the Sudan and Northern 
Nigeria. This author, however, appears to have mixed up M, suberosa and 
Tephrosia vogelii, because after giving a correct list of the various 
alternative botanical names and places of occurrence of Mundulea 
suberosa, as recognised in the reference books, he then goes on to describe a 
tree which is probably Tephrosia vogelii, certainly not Mundulea suberosa, 
stating that the leaves only are used as a fish poison and giving the usual 
method employed by natives for Tephrosia vogelii. The leaves of Mundulea 
suberosa are, however, not toxic. For this reason it is doubtful if the plant 
under cultivation in the Sudan and Northern Nigeria is M, suberosa) it is 
more likely, to be Tephrosia vogelii which is known to occur there. 

The plant is included in a list of fish poisons in a paper^by Howes ( 5 ), 
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where it is stated to be the source of the Indian fish poison “Soopli” or 
‘^Soopee’’. 

An account of trials of Mundulea sttberosa as an insecticide is given 
by Tattersfield and Gimingham(7), who tested two samples, one from 
South Africa which proved to have no appreciable toidcity to Aphis 
rumicisy and one from India which was quite toxic, the stems being the 
most active part of the plant. The authors concluded, however, that the 
results, although showing the plant to be toxic, did not suggest that it 
would take a very high place among fish poison plants as an insecticide. 

A considerable part, at least, of the toxicity of this plant is, however, 
due to rotenone, and Fryer, Stenton, Tattersfield and Roach (2) have 
shown that A, rumicis is very resistant to Derris extracts and therefore 
to rotenone, so that it is possible that the sample tested by Tattersfield 
and Gimingham was more toxic to insects in general than they believed. 

Subramaniam (6) also tested extracts of Mundulea suberosa and found 
them toxic to several different insects. 

Toxicity of Mundulea sunEitosA from different districts 

Preliminary tests having shown that only the bark and seeds were 
appreciably toxic, samples of bark were obtained from three districts: 
Moa, on the coast near Tonga, the Luengera valley near Korogwe and 
Prison Island, Zanzibar; seed was available only from Moa. 

In Table I are shown the results obtained by spraying Aphis tavaresi 
del Guer. by the author’s standard method. The bark was extracted with 
absolute alcohol to make a 10 per cent, extract, and this was diluted with 
1 per cent, saponin to the required strengths. Ten insects w’ere used (only 
the adult viviparous females being taken) in each test, and ten marks 
were allotted for each insect killed 6r in a completely moribund condition, 
five marks for each insect seriously affected and likely to die, and no 
marks for the remainder. Headings C (dead or moribund), B (seriously 
affected) and A (unaffected) respectively give the number of insects in 
each class and the last column the percentage marks allotted, 100 per 
cent, being equivalent to a complete kill. 

The results in Table I show that the Mundulea bark from Moa is 
practically as toxic as Derris root with 5*4 per cent, rotenone content, 
but that the samples from Luengera and Zanzibar are less than half as 
toxic. Chemical determinations show that the latter contain approxi- 
mately half as much rotenone as the Moa sample. 

Work has therefore been concentrated on the Moa bark, and unless 
otherwise stated all results in this paper refer to bark from this locality. 



314 Insecticidal Properties of some East African Plants 

As regards the various localities, Moa is at sea-level, the rainfall is low 
and the humidity comparatively low ; Zanzibar is at sea-level, the rainfall 
much higher and the humidity high; whilst the Luengera valley is at 

Table I 


Toxicity of Mundulea bark from different localities 



Strength 




Marks 

Locality 

o 

;0 

A 

B 

C 

o/ 

.o 

Moa 

J 

— 

— 

10 

100 


i 

— 

1 

9 

95 


i 

— 

6 

4 

70 

Luengera 

1 

— 

I 

9 

95 


i 

— 

6 

4 

70 


i 

— 

7 

3 

66 

Zanzibar 

1 

— 

1 

9 

95 


i 

— 

5 

5 

75 


i 

— 

7 

3 

65 

Derrifl root 

i 

— 

— 

10 

1(H) 

(5-4% rotenone) 

i 

— 

1 

9 

95 


i 

— 

3 

7 

85 


about 1000 ft. altitude, the rainfall moderate and the humidity mod- 
erately high. It would thus appear that dry conditions favour the 
production of high toxicity. 

Observations will be made on the general conditions affecting growth 
and toxicity as opportunities occur. 

Toxicity of different parts of Mundulka subkhosa 
All parts of the tree, including seed, were available at Moa^ and it was 
therefore decided to test carefully every part of the plant. 

Table II 


Toxicity of different parts of Mundulea suberosa to Aphis tavarcsi 



Strength 




Marks 

Part of plant 

o 

O 

A 

B 

C 

() 

iQ 

Leaves 

2 

9 

— 

1 

10 


1 

10 

— 

— 

0 

Twigs 

2 

8 

2 

— 

10 


1 

9 

1 

— 

5 

Bark 

i 

— 

— 

10 

100 


i 

— 

1 

9 

95 


i 

— 

6 

4 

70 

Roots 

2 

2 

8 



40 


1 

5 

3 

2 

35 

Seeds 

1 

— 

— 

10 

100 



— 

2 

8 

90 


i 

— 

5 

6 

76 

Saponin alone 

1 

10 


— 

0 

Nicotine 

i 

— 

— 

10 

100 


i 

— 

— 

10 

100 


i 

— 

2 

8 

90 
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Samples of the leaves, twigs, bark, roots and seeds were air-dried, 
finely ground and extracted in the cold with absolute alcohol as described 
in Part I of this series (8), thus yielding 10 per cent, extracts, i.e, 10 gm. 
of plant material extracted in 100 c.c. of alcohol. These extracts were 
diluted with 1 per cent, saponin solution in water to the various strengths 
to be tested. Table II shows the results which indicate that only the 
bark and the seeds are toxic to any c^preciable extent, the former being 
comparable with nicotine. Further tests in the field confirmed these 
results. 


Toxicity of Mi^sdklea svberosa bark 
The initial tests having shown the bark to be highly toxic to Aj^his 
tavaresi, it was decided to carry out a thorough laboratory investigation of 
this material. The presence of rotenone was demonstrated by Durham's 
test, a red colour with a drop of strong nitric acid followed by a fugitive 
peadock-blue colour when a little strong ammonia solution is added, 
and accordingly in all toxicity tests on the bark a parallel series with 
Derris root was carried out for comparison. The rotenone content of the 
Derris was 5-4r per cent, on dry weight, and that of the Mundulm 0-9 per 
cent. 

A* Extracts 

(a) A large number of tests was made against Aj)his tamresi, each 
strength of spray being repeated twelve times; ten trials with nicotine 

Table III 


Toxicity of Mundulea suberosa bark to Aphis tavaresi 

Strength % 


Material 

12 


I 8 

1/16 

1,32 

1/64 

Mundulea bark 

100 

95 

80 

50 

35 

— 


100 

100 

60 

55 

40 

— 


100 

90 

80 

65 

20 

— 


100 

90 

80 

80 

40 

— 


100 

96 

iK) 

45 

40 

— 


100 

95 

80 

45 

35 

— 


— 

100 

80 

40 

35 

— 


— 

100 

70 

55 

25 

— 


— 

90 

100 

65 

30 

— 


— 

95 

70 

55 

40 

— 




90 

90 

45 

45 

— 


— 

100 

80 

55 

35 

— 

(Mean) 

100 

95 

80 

55 

35 

— 

Dorris root 

100 

97-5 

87 ’5 

77-5 

65 

30 

(mean of 10) 
Nicotine 

_ 

UK) 

92-5 

77-5 

47-5 

22-5 


(mean of 10) 

In 16 controls with I per cent, saponin the mean kill was 5 per cent. 
Ann. BioL xxm 


21 
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and Derris were also made for comparison. In Table III, which gives the 
results obtained, the Mundulea bark extract was prepared as described 
above with absolute alcohol, the Derris was prepared in an exactly 
similar manner, and the nicotine was obtained by diluting a commercial 
sample of nicotine sulphate, the amount of actual nicotine base in solution 
being shown in the columns headed “Strength 1 per cent, saponin 



Pig. 1. Per cent, kill of A. tavarest plotted against per rent, concentrations of toxic 
extracts. Horizontal lines show the concentrations required to give 100 per cent. kill. 


solution in water was used in each case for diluting the extracts. In each 
trial ten insects were taken and marks were allotted as before, the figures 
given in the table being the percentage marks allotted, i.e. the calculated 
percentage kill. 

The results are plotted in Fig, 1, which also shows the curves for 
Mundulea seeds (to be discussed later) and for Tephrosia vogelii seeds. It 
will be seen that Derris root and nicotine are nearly equal in toxicity over 
the whole range, nicotine being somewhat more toxic at higher concen- 
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trations; Mundtdea bark is somewhat less toxic than Derris but not 
greatly so. The horizontal lines in Fig. 1 show the strength of each 
substance required to give just 1 00 per cent, kill, the values being nicotine 
0-25 per cent., Derris 0*29 per cent, and Mundulea bark 0*33 per cent. The 
conclusion is that Mundulea bark is practically as toxic as Derris or 
nicotine to Aphis tavaresi. 

(b) Another Aphid somewhat plentiful on cofiEee trees is Toxoptera 
aurantii Boy., which is a softer bodied insect than Aphis tavaresi and 
more easily killed. Against this insect Mundulea bark is slightly more 
toxic than Derris, as shown in Table IV. The results are means of 
duplicate tests on ten insects per test. 

Table IV 

Toxicity of Mundulea bark to Toxoptera aurantii 


Matrrial 

(» 

() 

A 

B 

C 

Marks 

0)ntrol 

— 

9 

1 

— 

,5 

Saponin 

1 

9 

— 

1 

10 

Mundulea 

1,4 

— 

— 

10 

100 


1/8 

— 

— 

10 

100 


1/16 

— 

3 

7 

85 


1/32 

— 

6 

4 

70 

DerriB 

1/4 

— 

— 

10 

100 


1/8 

— 

1 

9 

95 


1/16 

— 

r> 

5 

75 


V32 

— 

8 

2 

60 

Nicotine 

1/16 

— 

— 

10 

100 


1/32 

— 

2 

8 

90 


These results are plotted in Fig. 2, and they show that nicotine is 
considerably more toxic to this insect and Derris slightly less so than 
Mundulea bark. The strength of each required to give 100 per cent, kill 
can be read off the curves as nicotine 0-06 per cent., Mundulea bark 
01 25 per cent., Derris 0-15 per cent. 

(c) Caterpillars, The most convenient method of testing the extracts 
on these insects is by dipping them into the solution, one at a time, for 
a definite number of seconds. Brithys pamratii Cyr., a very common 
caterpillar around Amani, was used, and each was dipped for 10 sec. 
Table V and Fig. 3 show the results obtained, the figures being the means 
of duplicate tests. 

These results show that Mundulea bark and Derris are practically 
similar in toxicity to these insects, but that nicotine is much less so. 

(d) Lantana buy^ Orthezia insignis DougL, is a very common pest on 
many plants in Amani. It has a waxy covering and is therefore some- 
what difficult to kill. Nicotine sprays have very little effect on it, but the 

21-2 
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Hg.2. Per cent, kill of Toxoptera aurantii plotted against per cent, concentration of toxic 
extracts. Horizontal lines show the concentrations required to give 100 per cent. kill. 



Hg. 3. Per cent, kill of Brithys pancrcUii plotted against per cent, 
concentrations of toxic extracts. 
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author has found both Mundulea bark and Derris extracts to be effective 
when used at about 2 per cent, strength and sprayed from only half the 
standard distance, i.e. 1 ft. 

Table V 


Toxicity of Mundulea suberosa bark to Brithys pancratii 


Material 

o 

o 

A 

B 

C 

MarkB % 

Saponin 

I 

10 

— 

— 

0 

Murtfinlca 

2 

— 

1 

9 

96 


1 

— 

r> 

r> 

75 


1 

— 

8 

2 

00 


1 

5 

4 

1 

30 

Derria 

2 


1 

9 

95 


1 

— 


r> 

75 


\ 

- 

7 

3 

65 


J 

4 

4 

2 

40 

Nicotine 

2 

2 

4 

4 

60 


1 

4 

6 

— 

30 


\ 

10 

— 

— 

0 


Table VI gives the results, using ten adult insects and spraying for 
4 sec. from I ft. distance ; figures are means of duplicates. 


Table VI 


Toxicity of Mundulea suberosa hark to Orthezia insignis 

Material 

(> 

<) 

A 

B 

C 

Marka % 

Saponin 

1 

8 

♦> 

0 

10 

Mundidea 

2 

1 

--- 


10 

100 


1 

j 


.1 

6 

t 

4 

O.) 

70 


i 

3 

4 

3 

50 

Derria 



— 

10 

100 




3 

7 

85 


\ 


6 

4 

70 


1 

3 

4 

3 

50 

Nicotine 

4 

4 

4 

2 

40 


2 

7 

3 

— 

15 


1 

10 

— 

— 

0 


The results show that Mundulea bark and Derris are identical in 
toxicity to Orthezia insignisy whereas nicotine has only a small kilhng 
power (see also Fig. 4). 

(c) Citrus Psylla. A species of Psylla sometimes severely infects 
citrus trees in Amani, and Mundulea bark proves to be effective against 
this. The results of tests on the adult insects given in Table VII and Fig. 5 
show that Mundulea bark and Derris are equally toxic to the insects 
although less so than nicotine. 

(/) In Table VIII are given the concentrations of Mundulea bark, 
Derris root and nicotine required to produce just 100 per cent, kill of the 
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Fig. 4. Per cent, kill of Orthezia instgnis plotted againat per cent. concentrationB 

of toxic extracts. 



Fig. 4, Per cent, kill of Citrus Psylla plotted against per cent, concentration! of toxic 
extract!. Horizontal lines show the concentrations required to give 100 per cent. kill. 
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various insects used in the trials. These figures have been obtained from 
the curves plotted for each test, and they show quite clearly that 
Mundulea bark is for all practical purposes equal in toxicity to Derris 
root. 

Table VII 

Toxicity of Mundulea suberosa bark to adult Citrus psylla 


Material 

>o 

A 

B 

C 

Marks % 

Saponui 

I 

9 

1 

— 

5 

Muhdulm 

1/2 

— 

— 

10 

100 


1/4 

— 

2 

8 

90 


1 8 

1 


6 

75 

Derrift 

12 

— 

— 

10 

100 


1/4 

— 

1 

9 

9.') 


1/8 

— 

4 

« 

80 

Nicotine 

1/4 

— 



10 

100 


1/8 

— 

2 

8 

90 


1/lS 

- 

6 

4 

70 


Table VIII 

(\)nc40itrations required for 10() per cent, kill 



MundnUa bark 

Derris root 

Nicotine 

Insect 

o 

O' 

/o 

o 

/O 

A pfiM UivarcAt 


0*29 

0*25 

ToTojytern auranhi 

0 125 

01 5 

0*06 

Citrvji Pttylla 

045 

0*35 

0*25 

HnihkjH pancraiix 

2-45 

2-45 

4*00 

Orthezxn xnmguxK 

2-00 

2*00 

7*50 


B. Dusting ponders 

Air-dried Mundulea bark can be ground to a very fine powder, the 
bulk of it readily passing a 100 mesh sieve. Such powder has been used 
in a series of dusting experiments, comparing it with pyrethrum and 
Derris, against cockroaches. 

Preliminary trials showed that pyrethrum powder knocked over the 
cockroaches in a few minutes, whereas no serious effects were noticeable 
with Mundulea and Derris for some hours; but at the end of 24 hours 
those dusted with the last two powders were all dead, whilst those dusted 
with p)rrethrum were still kicking (on their backs) and did not die until 
between 2 and 3 days after dusting. Fresh, good-grade Kenya pyrethrum 
was used in all trials. 

A dusting powder that has an immediate visible effect will tend to be 
preferred to one that has no apparent effect at the time, and in conse- 
quence slower acting powders are at a disadvantage commercially. The 
test shows that Mu 7 ^ulea bark and Derris powders are at least as effective 
as pyrethrum in killing household pests such as cockroaches and flies. 
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In order to correlate the effects of these powders with time it is 
necessary to devise some means of allotting marks according to the effect 
of the toxic substance on the insect. This is a more difficult problem than 
in the case of the spraying tests with aphides. After several trials a 
scheme of marking for cockroaches was devised which appears to give a 
reasonable numerical interpretation of the observed results. 

Ten adult cockroaches were used in each test and marks were allotted 
as follows : 

1, obviously disturbed and very active. 

2, falling over but recovering actively. 

4, on their backs frequently. 

6, able to turn over with difficulty. 

8, permanently on their backs. 

9, kicking feebly. 

10, dead. 

With a little practice it was fairly easy to allot marks by this scale 
and thus to calculate the percentage “kill’’. 

Ten cockroaches were placed in a glass dish, having a filter-paper 
inside it at the bottom, a glass cover was placed on top, and then 0*1 gin. 
of the finely ground powder was blown inside and the dish gently shaken 
at all angles so as to make sure that each insect came into good contact 
with the powder; the glass cover was then replaced by a wide-mesh gauze 
to allow air to the insects. 

Marks were then allotted after various intervals of time. The figures 
given in Table IX are the combined results of four trials ; many of tlie 
figures are the means of two or three results, some of them are single 
results. In Fig. 6 these results have been plotted ; the numbers in heavy 
type in Table IX have been omitted from these curves as they are 
obviously erroneous. Figures for Mundulea seed are also included. 

The curves show very clearly that pyrethrum is far more rapid in its 
action at first, but that as time goes on the cockroaches dusted with 
Mundulea bark and Derris are progressively more affected until after 
20-22 hours the effect is equal in all three cases, about 90 per cent. kill. 
The last two substances finally produce 100 per cent, kill in about 
29 hours, whereas pyrethrum takes about 50 hours to produce this result. 

The initial effect of pyrethrum is very rapid, all the insects being 
seriously affected in a few minutes, and all being on their backs and un- 
able to turn over again 20 min. after contact. Thereafter the action is 
very slow ; the curve for pyrethrum in Fig. 6 shows this yery clearly. 
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Table IX 


Toxicity of powders to cockroaches 


Time 

Pyrethrum 

I^erris 

Mundiilca 

bark 

Mundulea 

seed 

10 min. 

49 

Nil 

Nil 

12 

20 „ 

78 

12 

11 

23 

30 

78 

12 

20 

28 

45 „ 

80 

21 

15 

28 

1 hour 

84 

19 

21 

32 

3 hours 

90 

37 

43 

46 

4 

90 

42 

60 

46 


90 

54 

66 

50 

« 

92 

67 

66 

64 

7 „ 

91 

73 

73 

58 

8 

90 

80 

68 

— 

0 „ 

91 

78 

77 

58 


90 

80 

72 

— 

12 

91 

86 

83 

66 

17 ,, 

d8 

97 

96 

98 

18 „ 

96 

100 

100 

100 

22 „ 

91 

94 

91 

76 

24 „ 

95 

99 

97 

76 

36 „ 

97 

l(H> 

UK> 

90 

48 .. 


100 

HK) 

100 


hour* 



Fig. 6. Time after dusting with powders plotted against ptT cent, kill of cockroaches. 
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Mundulea bark and Derris are almost identical in action; the first 
effect is to cause the insects to become very agitated and make them dash 
rapidly about the dish for about 10-15 min., after which they become 
quiet with occasional violent movement; after several hours they com- 
mence to fall on their backs (although recovering again) during each 
period of activity, until after about 10 hours they are permanently on 
their backs. During the first few hours the cockroaches appear to be 
trying to clean themselves, especially the leg joints, with their mouths. 

Further trials were carried out in which the cockroaches after dusting 
with the powders were removed to clean dishes, in which they were merely 
made to walk through the insecticide by putting a ring of powder around 
the inside edge of the dish and placing the cockroaches in the centre. In 
every case the results were similar to the above. 

House-flies were also confined in glass dishes and shaken with the 
three powders; the initial effect was the same as with cockroaches, but 
those with pyrethrum were dead after about 8 hours and those with 
Mundulea and Derris after 10-12 hours. Tested against fleas on dogs the 
results were inconclusive; whereas the pyrethrum stunned the fleas 
rapidly, the Mundulea had no immediate effect other than to repel them 
and in consequence no dead fleas could be found. 

C. Paraffin sprays 

Cockroaches were sprayed with paraffin extracts of the three sub- 
stances, prepared by shaking the finely ground powder with the paraffin 
in the correct quantity to produce 10 per cent, extracts. They were 
sprayed for 2 sec, from a distance of 2 ft. under the usual standard 
conditions. Table X shows the results. The cockroaches were examined 

Table X 

The toxicity of paraffin sprays to cockroaches 
Seriouflly 

Unaffected affected Dead Kill 


Spray 

% 

24 hrs. 

48 hrs. 

24 hrs. 

48 hrs. 

24 hrs. 

48 hrs. 

24 hrs. 

48 hrs. 

Paraffin 

(a) 

10 

10 

— 


- 

- 


— 

Pyrethrum 

10 

— 

— 


— 

10 

to 

100 

100 


5 

— 

— 

2 

2 

8 

8 

90 

90 


2* 

— 

6 

7 

1 

3 

3 

65 

35 

Mundulea 

10 

— 

— 

— 

— 

10 

10 

100 

100 


5 

— 

— 

2 

2 

8 

8 

90 

90 


2* 

8 

8 

— 

— ■ 

2 

2 

20 

20 

Derrifl 

10 

— 

— 

— 

— 

10 

10 

1(K) 

100 


5 

— 

1 

1 

— 

9 

9 

90 

90 


2i 

4 

8 

5 

— 

1 

2 

35 

20 

Paraffiii 

(ft) 

10 

10 

— 

— 

— 

— 

— 

— 
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after 24 and 48 hours, and it will be seen that all three extracts have 
identical toxicities at the higher concentrations, but that pyrethnim is 
slightly more toxic at 2^ per cent, strength, although moat of these 
insects seriously affected after 24 hours had recovered in 48 hours. 

Used as a house spray against flies 10 per cent, extracts of Mundulea 
bark had a strong repellent action but otherwise no apparent immediate 
effect; several hours later, however, dead flies could be picked up. 10 per 
cent, pyrethnim extracts bring down flies in a few minutes. 

Extracts containing per cent. Mundulea and 2^ per cent, pyrethrum 
appeared to be as rapid in action and as effective as 10 per cent, pyre- 
thrum, the presence of the latter producing the rapid stunning effect but 
the former being the chief cause of death. 

Toxicity of Mundulea suberosa seeds 

In the preliminary results as shown in Table II extracts of the seeds 
were about half as toxic as bark extracts. 

Only small quantities of seeds were available. The results of further 
trials against Aphis taveresi are showm in Fig. 1, from which it can be 
seen that 0*44 per cent, extracts are required for 100 per cent, kill as 
against 0*33 per cent, for Mundulea bark, 0*29 per cent, for Derris and 
0*25 per cent, for nicotine. 

Extracts of the seed w^ere also tried against the caterpillar Brithys 
pancratii Cyr., and the results are shown in Fig. 3. The toxicities are again 
in about the same ratio, namely 3-25 for KK) per cent, kill with Mundulea 
seed and 2*45 per cent, with Mundulea bark and Derris. 

The result of dusting the powdered seed on cockroaches is shown in 
Table IX and Fig. 6, where it will be seen that the initial effect is some- 
what greater than with the bark and with Derris, but that after 3 hours 
it becomes slow^er in action and eventually takes 48 hours to produce 
100 per cent. kill. 

As a paraffin spray the seeds have little effect on cockroaches or 
flies. 

All these tests indicate that Mundulea seeds are toxic, weight for 
weight, to an extent of about 75 per cent, of that of the bark. The 
comparatively small yield of seeds as compared with bark makes their 
use commercially unlikely. 

Aqueous extracts 

Attempts have been made to prepare direct water extracts, but in 
every case these have been found to be less toxic to Aphis tavaresi than 
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alcoholic extracts. Extracts were made by shaking the powdered bark 
with cold water and leaving for 24 hours, with occasional shaking, before 
fdtering; by shaking with cold water, filtering at once and spraying at 
once; by heating on a water-bath with water; and by shaking with 
w^ater and not filtering ; in every case 10 per cent, extracts were prepared, 
i,e, 10 gm. bark to 100 c.c. water. 

It was not found possible to spray the unfiltered extract, as the nozzle 
was repeatedly choked by the solid particles. Table XI shows the 
results obtained for the other three water extracts and indicates that 
such extracts are considerably less toxic than alcoholic ones. In the case 
of cold-water extracts, prolonged contact with the ground bark appears 
to cause destruction of the toxic properties; this may be due to enzyme 
action, since heating or immediate use in the cold prevents this loss : this 
question is being further investigated. 

Table XI 


Toxicity of aqueous extracts of Mundulea hark 


Extract 

k 

s O 

k '' 

4 O 

i"o 

Cold water, 24 hourH 

35 

33 

20 

Cold water, at on(‘e 

90 

63 

23 

Hot water 

90 

73 

43 

Alcohol 

1(X) 

93 

HO 


In a preliminary test, freshly made suspensions of the finely ground 
bark in water w'ere more toxic than alcoholic extracts to caterpillars 
dipped into the solutions, but suspensions 24 hours old were considerably 
less toxic. Further work on the stability of these suspensions is necessary 
and will be carried out in due course. 

Field tests 

It has not yet been found possible to carry out any large-scale trials 
in the field, but a number of tests on a small sctale has been made and 
Mundulea bark extracts have been found very efficient against many 
insects in situ. 

Twenty Hibiscus trees which were infested with aphides were sprayed 
with I per cent. Mundulea extracts in 1 per cent, saponin ; after 24 hours 
three leaves picked at random showed 5, 5, and 11 insects alive with 
317, 263 and 401, respectively, dead; after 48 hours no living insects 
could be found on the trees. On an unsprayed tree 96 per cent, of the 
aphides were ahve. 

Two lemon trees infested with citrus aphis were sprayed with the same 
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Bpray; after 24 hours there were, on two leaves picked at random, (1) 10 
alive and 96 dead and (2) 7 alive and 81 dead ; after 48 hours all were dead. 

A bed of garden dahlias infested with a species of aphis was completely 
cleared of these insects by a ^ per cent, extract in ^ per cent, soft 
soap. 

Hibiscus trees covered with Lantana bug (Orthezia insignis Dougl.) 
were sprayed with 2^ per cent, extracts of Mundulea bark in J per cent, 
soft soap on two consecutive days; 48 hours after the second spraying no 
living insects could be found on the trees. This spray is now used regularly 
in Amani gardens against Lantana bug which infests a number of different 
plants; this strength also kills any aphides or similar insects present at 
the same time. 

Three citrus trees infested with Citrus PsyUa were sprayed with 1 per 
cent. Mnridiilea bark in \ per cent, soft soap; after 24 hours all adults 
and active nymphs were dead, whilst about 10 per cent, of the sedentary 
nymphs, Avhich are protected by a waxy scale, were also dead, the 
remaining 90 per cent. l)eing apparently unaffected. Three sprayings on 
alternate days were successful in killing all the insects and thus clearing 
the trees. The probable explanation of 10 per cent, of the sedentary 
nymphs being killed by one spraying is that they were still wholly or 
partially in the active stage when sprayed. By spraying three times on 
alternate days all nymphs were probably caught in the active stage. 

Discussion 

The results given in this paper together with some further information 
obtained at various times show that Muyidulea bark obtained fromMoa 
is appreciably more toxic than that obtained from other localities. Two 
possibilities suggest themselves; either the difference is due to cbmatic 
conditions, or the Moa trees may belong to a variety of the main species. 

As pointed out, the climate at Moa is drier and hotter than in the other 
two localities from which samples were obtained, but on the other hand 
the plants from Moa differ in certain characteristics, such as narrower 
leaves and smoother bark, from the description of M. suberosa. Whilst 
the leaves from all three localities are narrower than those of most of the 
herbarium specimens, the bark of the Zanzibar and Luengera samples, 
especially the latter, is far more corky than the Moa ones and agrees well 
with the descriptions. 

It is hoped to obtain samples from other districts for detailed exami- 
nation. 

In the meantime young trees reared from Moa seed have been planted 
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out on the plains, and it is hoped in due course to obtain information on 
the question of rate of growth, best time for harvesting the bark and 
variation of toxicity in individual trees. 

The chemical composition of the bark will be dealt with in a further 
paper, but it may be mentioned here that the rotenone content of the 
Moa bark is about 0-9 per cent, and of the other two about 0-6 per cent. 

If the trees can be readily cultivated there seems no reason why the 
bark should not become of interest commercially. 

Summary 

Mundulea bark from Moa district is as toxic to insects as Amani 
Derris root containing 5*4 per cent, rotenone. That obtained from two 
other districts is only about half as toxic. The former tree may be a 
variety of the ordinary M. suberosa. 

The powder dusted on cockroaches and flies, although having a much 
smaller initial effect than pyrethrum and not producing any rapid 
knock-down, yet causes death in about half the time ; Derris has the same 
action. The same remarks apply to paraffin extracts of these substances. 

Mundulea seeds are about three-quarters as toxic as the bark, but 
are unlikely to be of any commercial value on account of their scarcity. 

Experiments are in progress in the cultivation of Af. suberosa from 
Moa seed, and it is hoped that the bark will find a commercial outlet. 

I wish to record my thanks to Mr T. W. Kirkpatrick for entomological 
information, to Mr P. J. Greenway for botanical assistance and to Mr C. 
Mumford, manager of Moa estates, for collecting the bark which has been 
used in these experiments. 
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The cabbage aphis, Brevicoryne brassicne L., is a common pest wherever 
cabbage or related plants are grown. In this country the intensity of its 
attack varies from yoar to year, but it is often responsible for serious 
losses in crops of such plants as broccoli, Brussels sprouts, cabbage and 
cauliflowers. In the hot dry season of 1921 it was very numerous and 
exceedingly destructive, and also again in 1929. 

In 1933 it caused such serious losses to market gardeners that they 
requested the Ministry of Agriculture to make arrangements for the 
special study of this pest as soon as possible, and, at the request of the 
Ministry, the WTiters commenced observations on the subject in November 
1933. 

Host plants 

The most comprehensive list of food plants of B. brassicae (see below) 
is given by Borner(i). He states that attacks of this aphis were most 
serious upon cruciferous plants containing mustard oil, colonies being 
found on the leaves, flowers and fruits of such plants. Related plants with 
no mustard oil were only attacked when planted in close proximity to 
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badly infested mustard oil-containing plants. Winged forms were found 
to alight on plants not containing mustard oil but not to feed upon them. 
The following is Borner’s list : 


Cruciferous plants definitely host plants of B. brassicae 


Diplotcms tenuifolia 
Z). muralis 
Erucastrum pollichii 
E, obtnsangulum 
Brassica nigra 
B, oleracea 

B, napus (all cultivated forms) 
B, rapae (all cultivated forms) 


Sinapis alba 
S, arvensis 
Eruca scUiva 
Raphanus raphanistrum 
/?. sativus (all cultivated forms) 
Rapistrum rugosum 
Myagrum perfoliatutn 
Crambe mariti^na 


Cruciferous plants on which 

Bunias erucago 
Sisymbrium officinale 
S. Sophia 

Arabis (Tnrritis) glabra 


igratory c^bynies hax>e been fonml 

Lunaria annua (seedlings) 
Lepidium graminifolium 
L. amplexicaule 
(Jochlearia arctmi 


Borner also gives a list of Cruciferous crops on which B, brassicae had 
not been found up to 1921. 

The species has also been recorded on the following non-cruciferous 
plants : 

Leguminosae: on vetch in West Oregon, U.S.A., by H. E. Ewing (3); 
on beans in U.S.A. by W. J. Zaumeyer<«). 

Malvacae: on cotton in Turkestan by V. Plotnikov ( 4 ). 

Resedaceae: on Reseda hUeola in Germany by Borner (i). 

Solanaceae: on tobacco in Poltara, Russia, by D. N. Borodin (2). 

During 1933-5, the writers have found B. brassicae on the following 
cultivated plants: 

Broccoli, Brussels sprouts, various kinds of cabbages, cauliflowers, 
marrow-stem kale, white mustard and swedes, and on the following 
weeds: 

Charlock {Sinapis arvensis), shepherd’s purse (CapseUa bursa-pastoris) 
and Raphanus marUimus (near Bonchurch, Isle of Wight). Mr D. Boyes, 
the Director of the Horticultural Research Station, Cambridge, also found 
this aphis on Cardamine hirsuta in a greenhouse at the Horticultural 
Station on June 4, 1934, and on Brassica {Diplotaxis) muralis at Shippea 
Hill, Suffolk, on October 7, 1935. 
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Symptoms of attack 

Market gardeners are only too familiar with the mealy masses of 
“ blight” that so frequently make their brassicae plants so unsightly. 

Direct damage is caused principally by the withdrawal of sap and 
injury to the tissues. When present in large numbers the aphides markedly 
reduce the size of the leaves and cause them to wrinkle and curl; under 
dry conditions they may also cause wilting of the leaves. The part of the 
leaf where the insects are numerous often turns yellow while the rest of 
the leaf may remain green, though frequently the whole leaf turns yellow 
and sometimes leaves are killed. On seedling brassicae, the attacked 
plants are readily recognised by the curling of the infested leaves (see 
Plate XII, fig. 1 ). The^e plants are stunted and never do as well as similar 
plants which are not attacked. In older plants, the aphides occur most 
commonly on the older leaves and on Brussels sprouts, broccoli and 
cauliflow’crs are more abundant on the lower surface than on the 
upper surface. In addition to the direct damage to the leaves, serious 
loss is occasioned in the case of broccoli, Brussels sprouts and cauliflowers 
by the secretion of “ honey-dew ”, which give these plants a dirty appear- 
ance and reduces their market value. The presence of aphis in the parts 
of the plants which are eaten greatly reduces their value and sometimes 
causes the housewife to reject them altogether. On Brussels sprouts, the 
lower sprouts usually suffer more than the upper ones; and later in the 
season it is often possible to pick good sprouts from plants which at the 
first picking produced no marketable crop. 

Growers of brassicn seed also suffer serious losses tlue to the sucking of 
these aphides. When present in large numbers (see Plat« XII. fig. 2) they 
prevent the formation of seed in a considerable percentage of the pods ” 
and greatly hinder the development of others. When swedes are badly 
attacked, the leaves are stunted and wrinkled and the crop much reduced. 
No serious attacks were found on marrow-stem kale. 

Life history 

Theobald ( 5 ) gives the life history of Brcvicoryne brassicae as follows: 
‘‘ It appears first of all in May, usually starting in small clusters beneath 
the leaves, and by June alatae appear and they fly far and wide. Several 
generations occur and they may be found on the plants right into Decem- 
ber. In November the alate males and oviparous females appear and the 
latter lay their eggs on the winter greens. The black eggs often occur in 
great masses. The Stem Mother appears hatched from the winter eggs in 

Ann. Biol, xxiii 22 
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March. This form will live for over a month and at first reproduce very 
slowly. The adults derived from these live about the same time and as 
the summer goes on increase more and more rapidly ; the greatest rate of 
increase is usually in September and October on into the early part of 
November. Sexual forms may occur as early as October, but most in 
November and December. The ova seem to be laid indiscriminately 
beneath the leaves and on the stems, now and then they may be found on 
the upper surfaces. Herrick has traced twenty-nine generations in the 
year. They also pass the winter in the adult stage, specimens sent me 
from Cheshire in 1911 at the end of November lived through the winter, 
out of doors. This has also been observed in America (Herrick, Webster, 
Quaintance, et<?.).” 

The writers’ observations given below show that the life history varies 
from season to season, and may differ from the above account. 

ObsenntioHH on the life histortj in 1933 A 

These observations were commenced on November 21, 1933, on fields 
of brassicae and cruciferous weeds in the market-garden areas of Bedford- 
shire, Cambridgeshire and Huntingdonshire. At this date a large nurnlnT 
of aphides (a few of wliich were winged) and eggs were found in all 
districts on broccoli, Brussels sprouts, cabbage and cauliflower. 

On November 27 a number of .seed beds of autumn Brussels sprouts 
in Bedfordshire were examined, and in one of these a few live wingless 
aphides were found. On December 4 a few were also found in a similar 
seed bed in west Cambridgeshire. On February 12 no live aphides or eggs 
could be found on these plants. 

Eggs at this time were very easy to handle, and could be picked off 
wdth a blunt needle without fear of being burst. After the first severe 
frosts, eggs became very fragile and the least touch wdth a needle burst 
them, several being destroyed before one could be removed successfully. 

The following counts will indicate the numbers and distribution of the 
various stages of this aphis on broccoli plants. The outer leaves were the 
most heavily infested and the numbers fell off rapidly as the centre of the 
plants was approached. 

November 21, 1933. Two leaves of broccoli from near Histone Cambs. 


Stage 

l^nderside leaf 

Uppereide leaf 

Total 

Winged forms 

8 

3 

11 

Winglees 

418 

111 

529 

Paraaitised 

97 

11 

108 

Egg* 

10 

6 

26 
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December 4, 1933. Two leaves of broccoli from Gamlingay, Cambs. 


Stage 

Underside leaf 

Upperside leaf 

Total 

Winged 

8 

4 

12 

Wingless 

390 

20 

410 

Parasitised 

80 

16 

96 


1.50 

17 

167 


The total number of wingless individuals on a broccoli plant with 
fourteen leaves, partly counted, partly estimated leaf by leaf, was nearly 
2000. 

The total number of eggs on the same plant was 1011, and of these 
651 were on the leaves and 360 on the stem. 

In January 1934, no winged aphides were found and the numbers of 
wingless forms rapidly decreased, the last being found on February 1. 
These (three in number) were on the insid-e leaves (2| in. long) near the 
growing point of a broccoli plant. From that date no aphis (except an 
occasional Myzus persicae) was found on either old plants, seedlings, or 
cruciferous weeds. Nothing but masses of eggs remained. 

On Brussels sprouts, the eggs were most abundant on the main stalk 
of the plant, a number were present on the stalks of the sprouts, and a 
small proportion were also found on the sprouts themselves and on the 
petioles and leaf l)lades of the large leaves of the plant. Some idea of the 
large numbers present may be obtained from Plate XII, fig. 3. 

Eggs were also numerous on cabbage plants, but only a few were 
found on kale. No aphides or eggs were found on cruciferous weeds. 

In the spring, aphides were found on April 10 on broccoli, Brussels 
sprouts, and cabbage which had been cut off and allowed to sprout. These 
were all small but some had already moulted. By the end of April, 
nearly all the fertile eggs had hatched. At this time the Brussels sprout 
plants had sent up flower heads, and the young insects were feeding on 
the unopened flower buds. 

On April 10 small aphides were also found on shoots of sprout stalks 
in a dump on the side of a field near Biggleswade. A number of other 
dumps were examined and it was found that shoots were few in number 
and usually only produced on those plants whose roots were touching the 
ground. In some dumps no aphides were found and when present they 
were never numerous. 

The examination of fields in which old stalks of Brussels sprouts had 
been ploughed in showed that a number of shoots were growing up from 
partly buried stalks. These shoots were usually free from aphis even when 
eggs were numerous on the stalks. Only two individuals were found on all 
the shoots examined. 


22-2 
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In March 1934 a number of Brussels sprout stalks with many viable 
eggs on them were buried, some at a depth of about 4 in., others from 
8 in. to 1 ft. Seedling sprouts were planted out later above the buried 
stalks. The plants were carefully examined on May 5 and some of the 
stalks were dug up. No viable eggs were found upon the stalks and no 
aphides were found upon the plants. In June and July the plants were 
still clean. 

During the first three weeks in May, small colonies of aphides were 
found on the flowering stalks of broccoli, Brussels sprouts and cabbage. 
These were usually present among the tight unopened clusters of flower 
buds (only occasionally were they found on the leaves). Single aphides, 
or colonies of two or three were common, but colonies of six or seven 
were also occasionally found. The first viviparous young were found on 
May 6. 

On May 24 about 2 acres of cabbage plants near (famlingay were 
examined. This plot had been abandoned by a smallholder and the plants 
had formed flower heads which were swarming with aphides especially on 
the unopened flower buds and in masses on the stems just below (see 
Plate XII, fig. 2). A mtiged form y^asfouvd ou thhs ocrasiov, ( hr fir 'it rrnml 
for the season. A count of the infected plants on this field was made on 
June 4, three rows being chosen at random; aphides were found on 94 
plants out of 104. On July 12 most of these plants were heavily infested 
with wingless and winged forms. On »Iiine 7 young cabbage plants no 
more than 100 vards from this field were still clean, but on June 2fi 
winged aphides and one large colony of wingless aphides w«»re ff>und on 
these young plants. On July 12 several large colonies were present, and 
at this date aphides were noted in all the brassica fields visited. Winged 
forms which had migrated were first found in two fields near Biggleswade 
on June 18. 

These observ^ations indicate that there was an interval between the 
appearance of the first winged forms and their migration to the young 
crop. The aphides on the young plants did not increase rapidly at first 
but by the middle of August large colonies were present in a number of 
fields. Individuals with wing pads were first seen on August 15 in a 
garden in Cambridge, and fully winged forms were seen in a field of 
Brussels sprouts on August 31 . Some of these were surrounded by newly- 
born wingless young, and as many as six colonies were present on one 
large leaf. From the middle of August until mid-September the aphides 
increased enormously, and the attack in all the fields visited varied from 
bad to very bad. Heavy rain fell at the end of September and early 
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October. An examination of Brussels sprout fields on October 9 showed 
that in most fields the number of live aphides had been very much re- 
duced, and the sprouts which were picked after this date were very much 
cleaner than was expected. At this date, many of the aphides had been 
eaten by Syrphid larvae and numbers of others had been parasitised. 

In the neighbourhood of Langford, however, the insects were still 
numerous. On September 11 an extremely bad attack on swedes was ob- 
served near Langford, and here aphides were seen to be walking rapidly on 
the ground from plant to plant. The swedes were ploughed in shortly after. 

In the autumn of 1934, eggs were first found on September 29. Far 
fewer eggs were laid in the winter of 1934-5 than during the previous 
winter, and in early February many of these had shrivelled. Everywhere 
the percentage of sliri veiled eggs w'as high, and on some plants they far 
outnumbered the sound ones; on several oetasions 70 75 per cent, of 
shrivelled eggs were noted. Aphides were not found in autumn Brussels 
sprout seed beds during the winter of 1934 5 as they were in the winter 
on933 4. 


Observations in 1935 

In January of 1935 far fewer eggs w'ere present on the plants than in 
the previous year. 

In 1934 no live aphides were found after February 1, but in 1935 they 
continued to live throughout February and persisted in small numbers for 
some time after eggs had hatched on February 28. On March 16 stalks 
w ere collected on w Inch aphides w ere present among the florets, but no 
eggs could be found on the.se plants even after a careful examination in 
the laboratory. It seems probable that viviparous forms lived through 
the winter and continued to reproduce the following season. 

It must be remembered that the winter of 1934-5 was an exceptionally 
mild one and that eggs had hatched as early as February 28, whereas the 
corresponding date in 1934 was April 10. In 1935 large colonies were 
present in the flower beads on May 10, wiiereas in 1934 only small colonies 
were noted at this date and large ones were not found until May 25. 

The first winged aphides of the season w ere observed on May 25, a day 
later than that on which they w’ere found in 1934. Aphides were first 
seen on the new crop on June 12 as compared with June 18 in 1934, In 
both years there was an interval between the production of winged forms 
and their arrival on the new crop. 

The first winged forms produced on the new* crops were found on 
July 15 in a field of spring cabbage near Potton where the insects were 
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very numerous, whereas in 1934 they were not present till after the middle 
of August. By the end of the third week in August the aphides had in- 
creased enormously in a number of Brussels sprouts fields, and the 
attack still further increased during September. 

The rains during September and early October were much heavier 
than in 1934, but although the rain in 1934 appeared to assist in reducing 
the numbers of aphides, it seemed to have little effect in 1935. In mid- 
October parasites were fairly abundant, and SjTphid larvae and especially 
those of Syrphus luniger Mg. had cleared the aphides from many of the 
leaves. Aphides were, however, sufficiently numerous to be causing 
serious losses in the market value of crops. 

Natural enemies 

Predators. The larvae of Syrphid flies were commonly found in all 
districts. Early in October, both in 1934 and 1935, they had killed all 
the aphides on some leaves and a large proportion on others. A number of 
larvae collected in October 1935 were reared and these all proved to be 
Syrphus luniger Mg. This species appeared to l>e by far the most valuable 
of the predators. The Coccinellid beetles Adalia bipunctata L. and Coed- 
nella 1-punetata L. and their larvae were also common, but did not appear 
to be sufficiently numerous to be an important factor in mlucing the 
aphides at any stage. 

Parasites. Hymenopterous parasites were active from April to 
October (see Plate Xll, fig. 4). Neither spraying with 0*05 ptT cent, 
nicotine nor dusting with 3 per cent, nicotine dust prevented the emer- 
gence of these parasites. 

The following were bred out and later identified by Dr C. Ferridre. 

Parasites: 

Family Aphidiidae : Diaretes rapae Curtis. 

Family Pteromalidae : Asaphes vulgaris Walk. 

Family Calhceratidae : Lygacerus testacimanus Kieff. 

The first two were by far the most numerous. 

Hyper parasite: 

Family Cynipidae: Charips victrix West. var. infusoatus Kieff. 

Although these parasites were active during the summer, they were 
unable to prevent the aphis from multiplying rapidly when weather 
conditions were favourable. In August and September of 1934 and 1935 
the aphides increased rapidly in numbers, and although in October 
parasitised aphides were numerous, the parasites did not appear to be 
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such an important factor in reducing the number of aphides as did the 
larvae of the hover fly, Syrphus luniger. 

Control measures 

From the above observations it would appear that in the market- 
garden areas investigated, Brevicorytie brassicae lives through the winter 
mainly on brassica plants which are grown for seed. The chief method of 
over- wintering is by means of eggs on old plants, and this appeared to be 
the only method in the winter of 1933 4, though the writers’ observations 
strongly suggest that adults lived through the following winter into the 
summer of 1935. Whetlier they over-wintered as eggs or adults, the 
main source of infection for the following summer was Brussels sprouts 
plants grown for seed. Other brassiai seed plants also provide sources of 
infection, as do broccoli and cabbages which have been allowed to seed or 
cabbage plants w’hich have been cut off in the spring and allowed to 
shoot again. Other less fertile sources are dumps of Brussels sprouts 
stalks and stalks which have been ploughed in and not completely 
covered, and further jiossible sources are autumn-sown Brussels sprout 
plants and other bras8ivai\ No evidence w^as obtained that weeds carry 
the infection from one year to the next. 

These observations suggest that control measures should be aimed at 
preventing the aphides from passing from old plants to the new ly planted 
ones, as the acreage of the former is comparatively small. 

ExperimenU in 1934 

(1) On eight rows of Brussels sprouts seed plants near Langford. On 
May 11 four rows (31 yards long) were dusted with 5 lb. of 3 per cent, 
nicotine dust. On May 15 five live aphides were found on the untreated 
plot but none were found on the dusted plot. 

(2) On seven rows of Brussels sprouts seed plants near Langford. 
On May 1 1 four rows (16 yards long) were dusted with lb. of Derris dust 
(rotenone content 0-2 per cent.). On May 15 fifteen liv^e aphides w^ere 
found on the control plot and twelve live ones on the dusted plot. 

(3) On one row of Brussels sprouts seed plants near Wrest lingworth, 
where very many colonies were present. On May 24 the whole row was 
dusted with 12 lb. of nicotine dust. This appeared to kill all the aphides 
except one colony which persisted until July 12. 

(4) On a large plot of cabbage plants which had been allowed to run 
to seed near Gamlingay and were badly attacked : (a) On May 26 twenty- 
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nine plants were dusted with 3 per cent, nicotine dust. Examination on 
May 27 and 28 showed that some aphides were still alive, and on June 4 
only two plants out of twenty-nine were free from aphides. 

(b) On May 29 ten plants were thoroughly sprayed with 0-05 per cent, 
nicotine and soft soap. This appeared to kill all the aphides, but a careful 
examination on June 4 showed that, although nine of the plants were 
clean, two or three small colonies were present on one plant. Seven of 
these plants were still free from aphis on July 17. 

(c) Ten plants were dusted on May 29, and although a large number of 
the insects were killed, some were found alive on May 30 and 31. 

Neither spraying nor dusting killed the parasites within the bodies of 
parasitised individuals. 

These experiments show that it is very diflieuJt to get a complete 
control of this pest on brassim seed plants, but that thorough spraying 
with nicotine and soft soap gives a large measure of (ontrol, and also that 
thorough dusting with 3 per cent, nicotine dust kills a fairly large 
percentage of the insects. 

((/) As most of the aphides on Brussels sprouts se(*(l plants appeared 
to be present at the tips of the flowering stalks, it was thought that it 
might be an economic measure to remove these by hand on small plantings 
of seed plants. An attempt was made to do this on seventeen Brussels 
sprout plants growm for seed near Sutton (Beds). On May 25 three large 
colonies and a number of small colonies were removed. No winged forms 
were present at this date. On June 0 forty-one colonies and sixteen 
individuals (one winged) w’ere found and reniov<‘d. No parasites w’ere 
seen. On June 12 one hundred and thirty-two colonies and twenty-five 
individuals (three wdnged) were found and removed. One parasite was 
seen. On June 17 two hundred and thirteen colonies and eleven individuals 
(three winged) were found and removed. No parasit^^s were seen. On 
June 26 one hundred and forty colonies and one single aphis were found. 

It seems probable that the colonies found from June 12 onwards had 
arisen from single aphides which had been missed at previous examinations 
This method and probably also any method which aims at killing the 
colonies only does not appear to be satisfactory. 

Later in the season experiments were carried out in a field of Brussels 
sprouts near Tadlow in order to determine the value of dusting and 
spraying large Brussels sprouts plants on which the aphis attack was 
fairly bad. 3 per cent, nicotine dust was applied at the rate of 36 and 
43 Ib. per acre. Some of these plants were also sprayed with nicotine at 
a strength of 3 oz. to 40 gallons of water, together with a spreader. These 
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treatments were chiefly effective where large colonies were exposed, but 
none killed 50 per cent, of the aphides. 

Recomniendations 

From experiments and observations, the writers suggest that control 
measures should aim at killing the aphides on seed plants before the 
winged forms leave them for the young crops. 

(1) Brassica seed plants (i,e. those from which seed will be harvested) 
should be either (a) thoroughly sprayed during the second or third week in 
May (i.e, before any winged aphides are formed) with the following wash: 

Nicotine (90 98 per cent.) ... 3 oz. 

Soft soap ... ... 4 lb. or any suitable wetter. 

Water ... ... ... 40 gallons. 

or (6) thoroughly dusted with 3 per cent, nicotine dust during the second 
or third week in May. A second spraying or dusting will be necessary if 
colonies are found on th(‘ flower heads after the first treatment. 

If all growers in mark(*t-garden areas where brassica crops are raised 
frequently would refrain from growing seed crops or grow them in other 
districts and would carry out the measures suggested below, it is probable 
that the aphis attack would be very much reduced. 

At present we have little information on the distances which these 
insects travel or can be transported, but the writers' observations show 
that fields several miles from seed plants may suffer badly from this pest. 

(2) All old Brussels .sprouts, broccoli, cabbage and other brassica 
plants should be (ci) ploughed under not later than May 15, steps also 
b(‘ing taken to destroy any shoots wliich form on partly buried stalks, 
although this is not a frequent .source of infection, or (b) the stumps of 
these plants should be put into heaps. These heaps should either be 
burned before May 15, or any stumps which have formed shoots should 
be moved and put on the top of the heaps so that the shoots may \^dther. 
The stumps which form shoots are usually those at the bottom of the 
heap which have rooted into the soil below. 

(3) Autumn Brussels sprouts plants or other autumn-sown brassica 
plants should be carefully examined for the presence of this aphis at the 
time of planting, and if it is found the plants should be dipped before 
planting in a mixture of 

Nicotine plus a wetter ... ... 3 oz. 

Water 40 gallons. 

(4) Experiments and observations show that this pest is difficult to 
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control on ordinary field crops, especially in August and September when 
the plants are large. 

The infection of the new crops starts about mid- June, and the crop 
should be carefully examined from this time onwards. It is suggested 
that crops that are infected should be thoroughly dusted with 3 per cent, 
nicotine dust early in July, using 40 lb. of dust per acre or more, according 
to the size of the plants. A second dusting will probably be necessary 
later in the month. 

We have not sufficient information to say whether dusting in August 
or September is an economic proposition (see p. 339). 

(5) In Brussels sprout fields it is common to find occasional isolated 
plants which are smothered with aphis. These should l)e carefully lifted, 
put into bags, removed and destroyed. 

SlTMMARY 

1 . A study has been made of the life history of Btevicori/ne brassicae L. 
in the market-garden areas of Bedfordshire, Cambridgeshire and Hunt- 
ingdonshire from November 1933 to October 1935. 

2. There was a variation in the behaviour of this pest in the two years. 
In 1934 the aphis over-wintered only as eggs on cultivated cruciferous 
crops (and particularly Brussels sprouts), whereas observations strongly 
suggest that in 1935 it over- wintered both as viviparous females and eggs. 
The hatching of the eggs was much later in 1934 than in 1935, but the first 
winged forms were produced at about the same date. 

3. Predators and parasites were fairly abundant but not sufficiently 
so as to prevent serious damage. 

4. It is suggested that control measures should aim at preventing the 
aphides from passing from old plants to newly planted ones. Nicotine 
sprays or nicotine dusts are suitable for this purpose. The pest is difficult 
to control on ordinary field crops. 

The writers wish to acknowledge their indebtedness to Dr I. Thomas, 
of the School of Agriculture, Cambridge, and Mr J. W. Dallas, Agricul- 
tural Organiser for Bedfordshire, for their interest and help in these 
observations and experiments. 
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EXPLANATION OF PLATE XII 

Fig. 1. Young pickling cabhagc plants .^own in August. A. healthy; B, attacked by 
H. braneiaie. 

Fig. 2. Polonies of B. l/ra,H.fiaie on Brussels sprouts setnis plants. Photo, June 7, 1935. 
Fig. 3. Kggs of B. brofiMtcai on the stalk of an olii Brussels sprout. 

Fig. 4. Flowering stalk of a cabbage plant showing parasitised aphides. 
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EXPLANATION OF PLATE XII 
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Fig. 4. Flowering stalk of a cabbage plant showing parasitist^d aphides. 
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Introduction 

There are three closely related members of the Tingitidae which infest 
rhododendrons and azaleas chiefly in Europe and the United States of 
America. They are Leptobyrsa rhododsndri Horvath ( = Stephanitis rho- 
dodendri Horvath = Zycptohyrsa explmtaia Heidemann) (2i,23), Stephanitis 
pyricides Scott (^azalene Horvath) (24,44) and S. oberti Kol.(29). The 
present paper deals with Leptobyrsa rhododendri Horv., the only one, of 
the three above-mentioned species, known to occur in Great Britain, 
although it is not considered an indigenous species. 

In the literature dealing with L. rhrdodevdri a good deal of incon- 
sistency exists concerning the name. According to van Duzee(59), the 
first mention of the species was made by Pro vane her (39) in 1887 who 
wrongly identified it as Leptostyh ohionya Say. Provancher’s material has 
not been examined, but from his description and figure there is little to 
indicate that he was dealing with Leptobyrsa rhx>d4)dendri Horv. 

In 1905 Horvath descril)ed the insect for the first time as a new species, 
Stephanitis rhododendri (2^), and in 1908 Heidemann (21) redescribed it, 
renaming it Leptobyrsa explanata: van Duzeei^O) in 1917 synonymised 
L, explanata Heid. and Stephanitis rhodadendn Horv., and there seems to 
be no doubt that they really are one species. The specific name, rhodo- 
dendn, therefore has undoubted priority, although this is not necessarily 
true for the generic name It .seems that S, rhododendri Horv. is more 
correctly placed in the genus Leptobyrsa than Stephanitis although 
until specimens are compared with the genotype of Leptobyrsa (L. steimi 
Stal(47), which, incidentally, van Duzee does not mention) and with the 
other species of both genera, this cannot be decided with finality. 

The earliest known reconi of h^ptobyrsa rhododendri Horv. was from 
America (Pennsylvania) in 1877 (21), but it was apparently not recognised 
as a pest in America until 1906, when it was found in abundance in several 
localities in New York (9). Since then it has been constantly recorded as 
causing serious damage in many parts of the United States (see the 
numerous American references) and in British Columbia (13). The insect 
has also been observed, for the first time in 1923, in the Union of South 
Africa (32). 

Ritzema Bos (4) seems to have been the first recorder of the pest on the 
Continent of Europe, for in 1905 he wrote of a Ting'tid, taken at Boskoop 
in Holland, which resembled Tinyis oberti and T. chlorophani. In 1907 (3) 
he again recorded it on rhododendrons from the same locality and stated 
that it had been known for four or five years in Holland. Dr T. Schoevers, 
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of the Phytopathological Service, Wageningen, however, writes (in lit.) 
that it is now stated that the insect had been imported into Holland 
fifteen years before Ritzema Bos came to know of its presence there. 
Although Horvath’s original material was from Boskoop the insect was 
referred to as T. rhododendri until 1915 in the reports of Ritzema Bos (7). 

Subsequent to these records from Holland, the insect has been found 
in other European countries. Tullgren(5S) and van Poeteren(SO) refer to 
the insect in Belgium. Fron(i6) and Marchal(:») in 1917 wrote of the pest 
occurring near Paris and Orleans on plants which had been imported 
from Holland three or four years previously and, later, Marchal and 
Foex(W) stated that the insect was a grave menace to the large horticul- 
tural establishments near Paris. 

In Germany the earliest record appears to be 1915(49). Schmidt (42). 
however, writes of the presence of Leptobyrsa rhododendri in Berlin 
(probably in 1927) and states that until 1927 Stephaniiis ob^rti Kol. was 
the only insect recorded as damaging rhododendrons in Germany. 
Stichel(50) also did not consider Leptobyrsa rhododendri to occ,ur in 
Germany in 1926. Schmidt points out that the literature on Stephaniiis 
oberti in Germany probably deals with Leptobyrsa rhododendri, the two 
species having been confused. The extent of this confusion is not known, 
but it was thought by Lindinger(:u) as late as 1927 that L. rhododendrt 
Horv, Stephaniiis pyrioides Scott and S. oln rli Kol. should be regarded as 
synonymous. Stichel(5J) refuted this, and in a pap<*r by Laubert and 
Trappmann in 1929 (30) dealing mainly with S, obi^rti, figures of IjejUohffrsa 
rhododefidri were given from Crosby and Hadley (9) without an adequate 
legend to indicate which species they were intended to reprewmt. 
Stephaniiis oberti is known to occur in several locabties in Germany, and 
Kaven(2S) considered it to have been intro<luced there in 1911. Leptobyrsa 
rhododendri Horv. was noticed in Austria in 1927 (Si). 

In Great Britain it was generally believed that the first records of 
L. rhododendri were in 1910 from Fulham(i2) and in 191 1 from Kpw(M), 
Harding (19), however, observed the pest in 1906 in Surrey, and Fox- 
Wilson (15) has pointed out that Raffill(40) observed it as early as 1901 at 
Kingston-on-Thames; this last is the earliest known record for Great 
Britain. The insect has been placed upon the list of insects scheduled in 
the Sale of Diseased Plants Order of 1927 (4S). 
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II. The original home and subsequent dispersal 

Leptobyrsa rhododendri Horvath is now present in many countries 
and the source from which it spread is largely a matter for conjecture. 
There are three hypothest^s concerning the original home of the insect. 
The first is that Japan was the source; such an hypothesis was never, so 
far as the present writer knows, definitely put forward, neither can any 
reliable n^cord be found of the insect occurring in Japan. Several 
writers(i:J,n,''>ti,5H) have stated that it is found there, but no authority 
seems ever to have been given. Moreover, the American Lists of Inter- 
cepted Plant Pests give no indication of the insect being imported, 
since 1923, into the IJ.S.A. from any country. It is the opinion of the 
present writer that the idea of the Japanese origin has no scientific 
foundation and that it arose in the following way. 

Although Ritzema Ros himself did not know the country of origin, his 
writings imply, through the constant u^e of the terms ‘‘ Japansche luis” 
or ‘‘ Japansche wants'’, terms which he found in use in 1905 (Schoevers 
in lit.), that Japan was the original home of the insect. Two other Tingi- 
tids, Stephan ills pi/rioides Scott and S, oberti Kol., the former a pest of 
azaleas, the latter of rhododendrons, are both present in Japan and (at 
least S. pyrioid>es) in Holland (<’», 2-1, >,41, It seems probable, therefore, 
that either one or both species may have become confused at an early 
date with I^eptobyrsa rhododendri Horv. It is unlikely that Ritzema Bos 
himself confused them, at least later, since in 1910(6) he referred to the 
two species separately in the .same paper, but nurserymen in Holland 
may easily have failed to notice that more than one species existed and 
may have applied the term “Japansche Inis'' or ‘‘Japansche wants” 
to any or all of them. The confusion is apparent elsewhere, for Miiller- 
Thurgau and others (37) used the names pyrioides and rhododendri 
synonymously and gave no author for either species. They also stated that 
the original home of Su*phanitis pyrioides (r/uxI(Hiendriy' was thought 
to be Japan. Millais (36) also considered it probable that two species 
existed, one called th(* “Oatawbiense fly” in eastern North America and 
the other called the “Japanese fly” by Europeans in Japan. It is 
suggested by the present writer that the former name may apply to 
Ijeptobyrsa rhododendri Horv. and the latter to either Stephanitis pyrioides 
Scott or S. oberti Kol. Schoevers suggests (in lit.) that growers in Holland 
may have called the insect by the name ‘‘Japansche luis” on account of 
its exotic appearance or perhaps by confusing America and J apan ! 

^ Ttnffts pyrtotdes MAtaumurA is synonymous with SUpkantlis afnbtgua Horvath (24). 
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The second h 3 rpothe 8 is, put forward by Distant ( 12 ), was that India - 
‘‘the home of wild rhododendrons*' and of four species of Stephanitis — 
was the original locality ; this view is supported by Sorauer (48). Millais 
however, has pointed out that the probability of the insect having been 
imported from India to England on living rhododendrons is small, since 
scarcely without exception, all Indian rhododendrons have reached 
England in the form of seed. 

The third and most likely hypothesis (^, 82) is that Leptobyrna r/todo- 
d^endri Horv. is indigenous to America. Support for this view is given by 
the following facts, viz. : (1) the insect is extremely widespread there and 
feeds in large numbers on Rhododendron maximum, considered to be a 
species of rhododendron indigenous to America (i), and on Kahnia 
latifolia, the mountain laurel; (2) the genera Ijeptobyrsn and Stephanitis 
are represented in Brazil and in Central America (s); (3) the earliest dated 
record (1877) is an American one(2i); (4) that the first rhododendrons 
imported into Holland came from America (see below). * 

Of the European countries, Holland was the first to record, if not to 
receive, Leptobyrsa rhododendri Horv., for, although the 1901 record of the 
insect at Kingston-on-Thames, England, is earlier than any published 
Dutch record, it was stated by Raflill(»o) that the infested plants at 
Kingston had been imported from Holland. Sehoevers also writes {in 
lit.) that the bug was known fifteen years before Uitzema Bos knew of its 
presence in Holland, and that it came to that country from C.S.A. on 
rhododendron varieties, “Flushing*’, ‘(Jeneral (Jrant " and “.lames 
Bateman”, 

The first French records d 8, also stated that the infested bushes 
came from Holland, while the insect was pn)bably intrcMluced into 
Germany in the same manner ( *8) and from the same source. 

The factors which caused the insect to become a j>est whether they 
were the rnovdng of wild rhododendrons to centres of cultivation or 
changes in the habits of the insect itself - are not known. 


III. DiSTRIBrTION IN (;REAT BRITAIN 

Neither Stephanitis oberii Kol. nor S, pyrioides Scott have been 
recorded in Great Britain, but Leptobyrsa rhododendri Horv. is known to 
occur in many localities, more especially south of the Thames. 

The physical factors which may limit the distribution of the bug in 
Great Britain are probably mainly those which limit the distribution of 
susceptible varieties and species of Rhododendron In the map (Text- 
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Text-fig. I. Map Hhowing known cliHtribution of Lr^tlohyrm rhotUnU tuin Horv. 

in Britain in 1935. 


fig. 1) those counties in which the insect has been recorded are stippled; 
the actual localities where the insects have been found are represented 
by dots. A list of these localities is given below : 

Edinburgh (Edin.); Styal (Cheshire); nr. Worcester (Worcs); 
Blackpill; Pentyrch; Creigau; Lisvane (Glam.); Chudleigh; Killerton 
(Devon); Wimborne Minster; Poole (Dorset); Exbury; Southampton; 
Ann. Biol, xxm 23 
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Ringwood; Bournemouth (Hants.); Hayivard’s Heath; Upper Hartfield; 
Bridge (Sussex); Matfield; Hawkhur8t(35); Sevenoaks; Tunbridge Wells; 
Harbledown; Tonbridge (Kent); Camberley; Kingston-on-Thames (40) ; 
Kew(&4); Woking(i7); Wi8ley(i4); Limpsfield; Hindhead; Chiddingfold ; 
Surbiton ; Sunningdale (Surrey) ; Fulham (12) (London) ; St Albans (Herts.) ; 
Windsor; Ascot (Berks.); Slough (Bucks.); Loughton; Gidea Park, 
Romford (Essex); Enfield (Middlesex). 

IV. (V)MMON NAMES FOR THE INSECT 

The following common names have been used for I^eptobyrsa rhodo- 
dendri Horv. by various writers: 

Rhododendron lacebug (Americano nomina officinalis p^)); rhodo- 
dendron lace-bug(9); rhododendron bug (is, 19, 22); lace fly (r>3); lace-wing 
flyd ,4/)); rhododendron fly(2o,52); Catawbiense fly(?)(3({); rhododendron- 
wanze(3i); Le Tigre du Rhododendron (m,^«); Japan8chelui8(6); Japansche 
wants (7); Japansche vlieg(58); Spaansche vlieg{58). 

V. The adult insect 

Several descriptions of the adult insect are available and, therefore, 
it is not proposed to add another. The general appearance is shown on 
Plate XIIL figs. 1 and 2. 

Tifnes of appeeirance and sitiiations on the huahes 

The first adults are usually seen, together with fourth, third, second 
and, occasionally, even first instars, during the last days in June. All 
stages are then represented, frequently on a single leaf. Like the im- 
mature stages the adult is not an active insect, but unlike them there is 
no inclination to congregate. Indeed the adult migrates from the leaf 
on which it hatched to other parts of the plant, and by the end of July 
adults may be found on leaves of all ages (ei^cept extremely young ones), 
although more commonly on those which contain the recently hatched 
eggs. As August progresses, however, the leaves of the current year 
(i.e. the most distal leaves — those which opened from the leaf buds in the 
spring) come to bear most of the adults, and this is possibly due to the 
fact that the insect favours relatively well-lighted positions. Oviposition 
takes place chiefly on these leaves. The spreading of the insects over a 
bush seems to be accomplished entirely by walking. 

Migration and flight 

Migration from bush to bush inevitably occurs if adjacent bushes 
touch. It is stated (52) that bushes growing in the shade are less liable 
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to infestation than those growing in well-lighted positions, and personal 
observations confirm this view. In spite of this fact, however, shaded 
bushes are frequently badly infested. It is also stated (i,i8) that rhodo- 
dendrons growing in woods may be quite free from the bug although 
situated only a short distance away from a source of infection. Spreading 
is said to take place more rapidly in a warm, dry summer than in a cold, 
wet one ( 19 ). 

There is no direct evidence that migration from bush to hush takes 
place by flight. J. C. ( 27 ) states that the flight is short and takes place only 
at night; but the insect may be blown by the wind to other plants ( 45 ). 
No other observer has recorded bugs using their wings except to flutter 
for a yard or two when knocked from a bush. Consequently it is the 
general belief that wings are little used for migratory purposes. The 
present writer has observed the insect to fly spontaneously only in the 
laboratory. In the middle of October 1933, with insects which had been 
brought in the same day from the field, a few crawled to the tips of the 
leaves and began a short whirling flight. Again, in the beginning of July 
1934, bugs of both sexes which had been reared under glass, if pushed 
gently off a leaf, flew with a straight and steady flight towards a window 
at a speed of about 1 yard in 3 sec. (lab. temp. 12 ¥,). Both occasions 
on which flight occurred were sunny afternoons. The writer has never 
seen rhododendron lacebugs flying out-of-doors, and. although bushes 
have often been shaken, bugs have been seen only to fall inertly to the 
ground. It is most likely that the distribution of rhododendron lacebugs 
has been due more to the transference of plants bearing insects, or their 
fertile eggs, from place to place than to any other single cause. 

Matifuj, oviposition, broods and disappenraihcc 

Mating begins in the middle of July. The latest date on which the 
writer obBerve<l a pair in cojnda was September 30 (1933). It is not known 
as yet if individual insecta pair more than once during the summer and 
autumn. 

Oviposition commences towards the end of July. Eggs are laid in 
rows or long clusters on the underside of the leaf in the tissue at the side of 
the midrib. Only in rare instances have eggs been seen at the sides of 
other veins (generally secondary veins, more rarely near the vein endings) ; 
they are not deposit^ actually in the mesophyll between the veins except 
very occasionally near to the midrib. The majority of eggs are laid on the 
most distal clusters of mature leaves, t.e. those which opened from the 
bud in the spring immediately before the eggs hatched, and which mature 

23-2 
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during the summer. Very occasionally eggs are laid on the leaves of the 
previous year, more especially where the internode between successive, 
annual clusters of leaves causes the leaves of the two consecutive years 
to be very close together. 

When about to oviposit, the insect seeks a suitable place on the midrib 
and the ovipositor is erected perpendicularly to the ventral surface of 
the abdomen. With a saw-like motion the blades penetrat^e the leaf with 
great ease, and very little bcxly pressure seems to be exert e<l upon the 
ovipositor. After about 1 min. the ovipositor is withdrawn, the ternjinal 
structure which bears th<* anus is evaginated and a drop of olive green 
faecal fluid is deposited on to the surface of the cap of the egg, which lies 
flush with the leaf surface. This drop is smeared over the cap by the 
evaginated anal protuberance, which is moved by deft circular motioiis 
of the tip of the abdomen. The fluid eventually dries to form a brown, 
encrusting scab overlying the cap; such scabs are often confluent, 
covering the caps of as many as six eggs. Lat(T, in the winter, this scab 
frequently falls off, leaving the caps of the eggs expos(*(l. 

Sorauer(46) states that oviposition occurs in Septtunber and October, 
but Millais (3S) and Harding ( 20 ) doubt this. The latest date at which 
oviposition was observed by the writer, however, \\as October 1, 19.‘h‘i. 
Mr G. Fox-Wilson (iv ht.) has observed oviposition taking place in 
December (1931) at Wisley, and in mild weather it is probable that eggs 
are laid almost as long as there are luigs about, since females taken on 
October 30 (1934,' see below) contained a few eggs ready to b(‘ laid. Thus 
there is normally a continual deposition of eggs from the end of July well 
into the autumn. 

In Southampton there is only one brood each year. It is true that 
immature stages are found in July (even an occasional first instar at thi' 
beginning of the month), but these arc due to late handlings of the normal 
over-wintered eggs. In New Jersey, U.S.A,, both one and two broods are 
thought to occur during the yeardU), and the general similarity of the 
life history of the single brooded insect in New Jersey (cf. also for New 
York (9)) and in England and on the continent of Europe makes it 
probable that double broods may also be expected both in this and in 
other European countries if hatching occurs very early in May and if the 
summer is hot and dry. There is, indeed, a single British record where 
hatching is stated to have been observed in October. 

There is no evidence that adult insects survive the winter, and it is 
certain that death normally takes place in the autumn or early winter. 
Many die in the act of oviposition. In 1934 less than a dozen live bugs 
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(females) were found on October 30, in spite of an extensive search over 
a badly inft^sted area ; no live males were seen. Hitherto no over- wintered 
individuals have been seen by the writer to reappear in the spring. 

VI. The E(iG 

The following description of the structure of the egg applies to ripe 
ovarian eggs, except where sections of the cap are dealt with; these 
appert.ain to eggs sectioned in situ in leaf tissue. 

Estenwl appearanct* (Text-fig. 2 A) 

0-.") mrn. I.4in‘nvl width at widest part 0-19 mm. Lateral W'idth of neck 
beneath cap 0-14 mm. d’he is more or loss cvlindrical, slightly curved dorso- 
ventrally. Posterior end bluntly rounchnl. Neck slightly compressed laterally, bearing 
a wdiifish rim anteriorly. In surface view, dorsal rt‘gion of cap slightly wider than 
vent nil. Pt^riphc'ral n*gion of a cup a n>und«l rim, the central region of cap slightly 
bullK)us and not projcs-ting alM»ve the level of the rim. Chorirm unsculptiirod, smooth, 
shiny and crt^am exci'pt for the anterior or neck region which is deep browTi. 

M i crosmpi c struct u rv 

The chorion is uniform in thickness except at the neck where it 
thickens c()nsid(*ra))ly. Kxochorion and endochorion are difficult to 
distinguish, but it seems that the endochorion is tlie thicker layer. 

The structure of the rim around the anterior edge of the neck wdiere 
chorion and cap meet is most easily seen wlien the latter is displaced by 
pressure upon tin* cover-slip (Text-fig. 2('). The chorion is seen to be 
folded iuick externally, making a narrow' collar (about 0-02-0-03 mm. 
wide), the inner or under surface of which is continuous with the outer 
surface of the egg. This collar, wliich is apparently exochorionic, is seen 
in transparent preparations to possess a lace-like structure of wdder 
mesh towards the fnu* edge. About ten (exceedingly fine micropyles (less 
than 0-(X)2 inm. in diameter) run through the chorion of the neck and 
open on the inside of the egg at a distance of about 0 07 mm. below' the 
anterior edge of the collar. They occasionally branch once and may cross 
each other without anastomosing. On reaching the rim the micropyles 
bend so as to pass into the collar w'here they become lost in its mesh work. 

Sections of eggs (Text-fig. 2B) show that the walls of the mesh work 
are slightly rais(‘d on the outer face of the collar (?.c. the face continuous 
wdth the inner surface of the egg), and it is pixssible that the micropyles 
become shallow, open troughs as they enter the mesh work (Text-fig. 2D), 
the concave face of the trough being directed outwards. If the micropyles 
are allow'ed to fill wuth air they can be seen as tubes passing from 
the chorion over the rim and into the collar for the short distance 
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Text-fig. 2. The egg of Z. rhododendri Horv. /I, ovarian egg: note rim anteriorly. Z, long, 
section through anterior end of egg: the egg was sectioned t7i min in leaf tuuiue hence 
the rim is not folded back completely, being bent upwarda by ])ressure against the 
epidermis of the leaf: note raised reticulations internally. (\ cleared preparation of 
egg, at anterior end, with cap displaced by pressure of eoverslip. IJ, portion of 
chorionic rim of ovarian egg : rim here completely folded back : note micropyle running 
through chorion, over rim and among reticulations, n, rim. 6, chorion, r, cap. 
r, peticulafions. 7w, micropyle. 
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before the mesh-work begins. Once within the meshes, however, the 
micropyles cannot with certainty be regarded as tubes. 

The cap of the egg consists of a sole-shaped plate with a thick ridge 
running round it. To the outside of this ridge is a thinner membrane 
resembling in size and structure the collar attached to the chorion at its 
anterior end. With the cap in lateral view, the thick ridge is seen to be 
that portion of the chorion which becomes detached with the cap and 
which normally fits into the inside of the mouth of tlie neck. When the 
cap is in place, the thinner membrane (which is devoid of micropyles) 
around it fits over the outer surface of the collar on the chorion. Sections 
indicate that the thinner membrane and the collar of the chorion do not 
join together at their surfaces, and that even their outer edges are at 
least not joined continuously. 

If the egg is allowed to dry and is then mounted in Berlese’s fluid it is 
seen that there are about twenty irregular, hexagonal and pentagonal, 
dark brown markings around the egg forming a pattern in the chorion, 
particularly at the neck where the markings are smaller and more distinct 
than elsewhere. 


The egg gall (Text-fig. 3) 

It has been recorded by Crosby and Hadley ( 9 ) that a corky internal 
growth surrounds the egg, making no visible alteration to the outside of 
the h‘af. Present investigations have shown that definite gall-like growths 
are present in certain cases and that considerable external changes are 
then usually visibh*. 

The mature gall is a raised brown lump along the side of the midrib 
or, in rare instances, at the side of a minor vein. The brown colour (which 
is due to the cellular tissue of the leaf, and not to tlie scabs over the eggs) 
ends somewhat abruptly before passing into the green colour of the leaf 
around the gall. Where there is only a single egg the gall is usually quite 
circular in surface view, but it is more common to find an elongated gall 
in which are embedded an irregular row of eggs. Galls occur on either 
side of the midrib, often for the greater proportion of its length, and are of 
variable size, from less than 1 up to 4-6 mm. long. Sometimes several 
galls are confluent and each may contain from one to twenty eggs. One 
typical fairly badly infested leaf contained 154 eggs and bore forty-one 
galls (sixteen eggs WH^re free from a surrounding gall). The largest gall 
was 2‘5 mm. long and contained thirteen eggs. 

Galls frequently have deep cracks running along them, exposing the 
chorions of the eggs and even the green mesophyll of the leaf. Fungus 
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Text-fig. 3. Surface view of mature gall along the side of midrib of rhododendron leaf 
(The Qu^n). The eggs had over-wintered in the gall and the leaf was of the current 
year when the eggs were laid, a, proliferated gall tissue. 6, scabs of excrement. 
c, cracks in the gall, d, cap of egg. e, single egg without surrounding gall : this egg 
was believed to have over- wintered. L lamina, rn, midrib. 
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mycelium is often present in these cracks. Deep holes also occur in the 
galls, and sections show the dead remains of a much compressed egg in 
each of them. 

The caps of the eggs are normally flush with the surface of the gall. 
Since at oviposition the caps are level with the ungalled surface of the 
leaf, the eggs presumably cither elongate or are lifted up as the gall tissue 
proliferates. It is a curious fact, as yet unexplained, that in leaves 
examined in April, after eggs had over- wintered in their tissue, galls were 
not formed around every egg. This did not apparently depend solely upon 
the date at which the eggs w^ere laid, since frequently adjacent to a group 
of eggs within a well-developed gall one or more eggs, presumablv laid at 
the same time, wer<‘ devoid of surrounding gall tissue. Moreover, such 
eggs were not infertile. 

Occasionally an (‘gg may be only partially inserted into the leaf, the 
anterior half projecting above the level of the epidermis. More rarely an 
egg may be laid horizontally on the leaf surface, without being embedded 
in the leaf tissue at all. 

An examination of the internal anatomy of the gall shows that 
considerable changes occur in the leaf tis-sue around the egg (Plate XV). 
Briefly stated, there is a probferating zone of leaf cells around the egg 
resulting in a compact mass of leaf tissue in which the egg is held. Much 
distortion and compression of the proliferated cells occurs, and their walls 
and cell contents undergo marke<l changes. Photographs of sections of 
eggs ih situ are given, showing eggs before a gall has b)rmed around them 
and eggs embtHhh'd in a well-developed gall.^ 

A somewhat similar gall, produced by Ihliothrips tunmorrhoiduJis 
Bch^ on citrus, has been noticed by Kivnay(4i). 

VII. Hatching 

All the eggs of a batch hatch wdthin an hour or two of each other, and 
the (‘omplete process, commencing with the lifting of the cap, takes about 
15 min. The cap is lifted completely from the chorion by a swelling of the 
embryonic head which appears as a white, shining globule with eyes, 
antennal bases, labrum and stylet tips visible. Swelling continues in the 
median line, dorsal to the eyes, and by producing an exceedingly great 
and curious distortion of the head pushes the cap clear. Pulsations within 
the swollen head occur until the insect has almost emerged. Then as the 

' of gall/l were cut from ]:>araftin bltK'ks in prefereiu'e to eelloidin. but lengthy 

infiltration with wax is newsHary. It ukh found that thick sections (20 28 /i) were more 
suitable than thin ones. 
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embryo bends dorso-ventrally, backwards and forwards, the head begins 
to collapse. The fluid between the embryo and embryonic cuticle is swal- 
lowed, and two spots on either side of the head above the antennal bases 
are repeatedly pulled into depressions and then released. These curious 
cephalic movements which are accompanied by a pumping action within 
the head and by antiperistalsis in the abdomen, may aid in splitting the 
embryonic cuticle, which now ruptures longitudinally over the thorax. 
Air bubbles pass rapidly along the pharynx, although pumping move- 
ments in the head seem to have stopped. The prothoracic legs and anten- 
nae free themselves and the insect climbs on to the leaf. Air still passes 
down the pharynx as tlie insect walks away, and imparts a whitish 
appearance to the thorax and abdomen and causes the latter to be 
elongated and cylindrical. After about half an hour air is absent from the 
abdomen which is then excessively small and shrivelled; how this air 
disappears has not been ascertained. In insects carefully mounted in 
Berlese’s fluid there appears to be no air in the gut of any of the instars 
when feeding has been in progress for a few hours after ecdysis or hatching. 
After an hour or two the abdomen becomes more swollen and greenish 
as plant juices are swallowed, so that by the time the first instar larva is 
ready to moult into the second larval stage it is twice as long and the 
abdomen twice as broad as when the insect was small, and shrivelled 
about half an hour after hatching from the egg. The head width remains 
the same. At this stage the tip of the rostrum reaches to the very end of 
the abdomen, and some ditticulty is thus experi(*nced by the insect wlnui 
it attempts to puncture the leaf for the first time. 

The chorion of the egg remains within the leaf, and the embryonic 
membrane with the cap attached to it hangs out of the open neck. 
Antennal sacs can be distinguished on this membrane. 

In Great Britain hatching commences in May (May 17, 1933, May 20, 
1934, in Southampton) and continues into June or even into the begin- 
ning of July. In Southampton the eggs on the sunny sides of the buslies 
hatched many days before those on the shady sides, l)iit by June 30 
(1933) almost all hatching was over, only very few young first instars 
being found after that date. The majority of eggs hatched during the first 
fortnight in June. 
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VIII . The immature stages 
General habits 

Feeding does not take place immediately after hatching, but the 
insects remain clustered at the midrib for about an hour. Then they all 
migrate to a suitable spot on the underside of the lamina and remain 
crowded together as close to each other as possible while they feed. Most 
of the insects which hatch at the same time form such a cluster. The 
number of insects in a cluster varies from about ten to about fifty for the 
first three larval stages, and from about five to fifteen for the last stage, 
when the insecta even in the same cluster do not show so strong a tendency 
to ke(*p close to each other as is the ease with the first three stages. These 
groups of immature stages feed and move about together, leaving a paUdi 
of injured cells and a patch of excrement at each of the previous feeding 
places. It seems that after feeding for a time they move together to a 
fresh place, which may be a centimetre or two away, possibly because 
of discomfort due to accumulation of excrement and presumably to 
exJiaustion of the leaf cells providing foo<l. 

If individuals of the larval stages are placed on a leaf in as scattered 
a manner as possible, tliey become gathered together again after an hour 
or two in one or more groups. The tendency is most marked in the first 
and second instars, less so in the third and fourth. This gregarious nature 
of the larval stages results in the insects usually completing their growth 
to the adult stage upon the leaf on which they hatched. Members of the 
fourth instar, however, sometimes migrate to other leaves. 

First instar: just before ecdysis (Plate XIV, fig. 1) 

Ijciigtb 0- 88-0*9 mm. Tnuwlucimt pale green or culourleHs; surface impunctate, 
shiny. Head: Subglobuiar, pale translucent \ello\\i8h or olive green; 0*18 mm. 
betwwn eyes, slightly mort' than two-thinls width of thorax. Tubercles tivc^ — dark, 
short and conical ; two dorsal, two more closely set near base of brownish clypeus with 
one median tiilien’k between them; median with two or three, other tubercles with 
one, short, club-shapod, apical hair; dorsal tubercles with an additional slender 
glandular hair bed ween base and ajiex. On eiwh side of anterior tubercles a longitudinal 
pale lino; parallel until opposite eyes, then inetding betweim posterior tubtTcles; 
thence oounooiod to posterior margin by a single line; a tn«is\ erso pale line, from each 
eye to the longitudinal lin(« whore these commence to converge. Kyos fairly prominent, 
wdth five separated, red elements, Clypeus visible from above, brown, with a few 
longish more or less clubbed hairs, each often bearing a terminal fluid globule. On 
cjach side of head at posterior margin a brownish latero-dorsal patch. Antemial bases 
brownish. Anteniuiei 0-57 mm. long, four-segmented; pale yellowish, about two- 
thirds the length of body; segments I and II very short, of almost equal length; 
segment III almost twice as long as IV. All but first wdth long, simple hairs each with 
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a distinct, terminal, fluid globule. Segment IV with additional long hairs (about six 
of them with terminal knobs), two small blunt spines and a few short hairs distally. 
Distal half of fourth, distal end of third and whole outer fa(.'e of second segment smoky 
brown. Thorax: Translucent, almost colourless, yet somewhat glaucous, w'ith smoky 
latero-dorsal patches (nearer together on meso- and metathorax). On each segment just 
above coxae, dark, lateral patches, very distinct at dorsal edge; prominent tubercles 
absent; in early stages of this instar thorax may be as wide as head. Dn)- longer than 



Text-fig. 4. L. rhododendri Horv. A, glandular hair from third antennal segment of lirst 
instar. By lateral tubt^rcule, bearing clubb<*d hair, from sixth abdominal segment of 
first instar. (\ lateral tuberculc from sixth alKlominal segment of fourth instar. 

mesothorax. Anterior half of prothorax pale. Usually one ((Ku asionally two) lateral, 
short, clubbed hair on a minute tubercle on each side of each segment, those on 
mesothorax more dorsal. Pro- and mesothorax with a similar hair on eiu-h side mid- 
dorsal line. Spiracles on posterior margin of pro- and mc^sothorax; absiml from 
metathorax. Abdomen: Subcylindricab bluntly tapering at anal extremity: pale 
yellowish or olive green; connexivuni colourless or very pale yellow; ten segments 
(tenth very narrow) in addition to small terminal anus-bearing structure. I^ter, at 
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widest part slightly wider than thorax. Segment I of same colour as lighter j)artB of 
thorax; clubbed hairs absent. Segments 1 1- VIII with a small lateral tubercle on each 
side (those on eighth the smallest) bearing a single, colourless, clubbed hair, longer than 
those on head tubercles. Segments III and IV with smoky brown, laterally incised 
central pat<’he8. Segments II, V, VI, and VIII each NWth a dorsal median tulwcle 
bearing two clubbed hairs; median tubercles on fifth and sixth with confluent, broum, 
basal patches. Segment IX with two latero-dorsal tubercles each with a clubl>ed hair; 
laterally, on each side of segment a minute' tubercle with a small clubl)ed hair. 
Segment X with four longish clubl)ed hairs and one or two ventral, glandular hairs on 
posterior margin. iV/nrarfe^fm segments II -VI I! . Transverse, median, abdominal glands 
between sogment-s III and IV, and IV and V ; anterior gland the larger. A few s^^ssile 
shiny globules on tergitos. Underside of alxlomen with a few simple hairs. Legs'. Sub- 
equal. Yellowish. Uoxa<* smoky bn)wn. Tips of tarsi brownish. Tibiae fw long as 
fem(»rH, bf)th with a few 8h<>rt, simple hairs dist^dly. Tibiae each with two short, 
outwanlly diixH't-fsl, clubbed hairs pmximally. Tarsi tw'o-jointed with a few simple and 
three or four glandular hairs. linstrum: O-ol mm. long from base of labrum. 

StTomI iHstar: alxuft halj-watf bfifvrrn successive eedyses 

(Plate XIV', fig. 1^) 

length O 107 mm. Shiny, transluei'iit, very |>ale greenish yellow or colourless 
on lighbT jmrts; dark bniwn elsewhere. Head: Siibglobular, 0-23 mm. between eyes, 
almost two-thirds width of thorax. Shiny, yellow or smoky pale olive gn^en; dusky 
bmwn marking on each side nwir {>osteri<»r margin. Five long, dark brown, cylindrical 
f ulH‘n l(^, the anUTior pairs proje<*tingforv\anls; |Kwterior j)air longest (alnuit 0*1 mm.) 
e/v^‘h with alsuit a dozen glandular hairs fn>m base to aix'x (each hair with a terminal 
fluid globule) and a short ( lubbtsl or trumjiet-shajH'il aj>ical hair. Two anterior 
tubt'ndw shorter, each with a few siniph' glandular hairs and one or two apical, 
clublKHl hairs. Me<lian tulsTcle, near anterior jwiir, of intermcniiate length with a 
few simple gh)bulc-lH*aring hairs from bast* to apex and two short, clubbed, or tnim])et- 
Hha|M*d apical h/iirs. Fyes preuninent, with at leiist tive separated rod elements. 
(’lyjHMis bn>wn, just visibh^ from alsive, with a few long, clubbeii hairs each with a 
fluid globule; labrum brown, w ith a few* simple hairs. Pale, yellowish lines premmt, of 
similar pattern to thoK<‘ on head of tirst instar. Suggestion of a shallow longitudinal 
gnxive iH'twtvn |)osterior tuUm lee. .In/ennne: 0-76 ram. long; slightly more than 
tw'o-thinU the length of ImhIv; nist^mbling those of first instar, slightly moit' hairy, 
long terminal hairs on segment IV loss obviously (lubbod. Thorax: Surfat'c with 
extrt^meiy minute raised dots. PrMoraJc translucent, cjilourh'ss to very pale yellow’, 
slightly glaucous; transverse, pHsiuced latendly into a slightly uptilteil tulx*rele, each 
with an apical clublKHl hair and tme or tw'o simple glandular hairs below’. Usuallv a 
clublxHl hair on each side of the mid-dorsal line. .Anterior miirgin entin*, iK>8bTior 
margin ('onvex, minutely indentate and slightly incistxl at centre. Memthorax 
transvonas laU*ral tubondes as on prothorax, but slightly larger, uptilted and with 
dark bniwm or bla<'k bases cx*cup>dng width of segment; (wh tul)erclo with a short, 
Uirminal, t mm iwt -shaped hair and two simple glandular hairs below. A pmminenl 
dark tubercle on each side of mid-dorsal line, each with a terminal clublied hair and a 
few longer glandular hairs each with a terminal, fluid globule, from base to apex. 
Mttaihemix slightly shorter than meeothorax, brownish, with pale central area and a 
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pale, translucent, yellowish connoxivum; sometimee with a short, clubbed hair near 
posterior angle on each side; posterior margin veiy slightly biconvex. Spiracles, near 
posterior margin of pro- and mesothorax; absent fn>m metathorax. Abdomen: 
Above, more or less triangular, later becoming ovate. Segments, except first, smooth 
and shiny, with a few sessile globules; much more convex ventrally than doreally. 
Connexivum translucent, pale yellowish. Segment 1 yellowish, short, resembling 
metathorax, but j)aler, and without hairs, tubercles or brown patches; seen laterally 
the tergum is very stnmgly convex, the surface with minute raised dots. Segment II 
longer than I, pale whitish yellow, each side with a single minute tubercle bearing a 
clubbed hair; a single, dark, prominent median tubercle (with a basal, transversci 
brown marking) often with one or two simple glandular hairs, each with a terminal 
fluid globule and also one or tw'o short, apical, clubbed hairs. Segments IIl-X dark 
yellowish-brown (III-Vl very dark) except for colourless to pale translucent olive 
green connexivum. Segment III short, no prominent tubercles, but on each side, a 
minute tubercle w'ith a clubbed hair. Pale transverse, median, abdominal glands as on 
first instar. Segment IV with a lateral tubercle on each side about as long as lateral 
mesothoracic tubercle and with an apical clubbed hair and usually two simple hairs 
nearer the base. Segment V similar to IV but with a long cylindrical, median tubercle 
losing slightly forwards with a few simple hairs wdth U'rminal fluid globules and two 
apical, short clubbed hairs. Segment VI similar, median tul>ercle somewhat shorter 
than that on segment V and with fewer hairs. Segment VI 1 paler, with similar lateral 
tubercles; median tubercle absent. Mediaui tubercles on fifth, sixth and eighth about 
twice the size of the lateral tubercles on the samc^ segments. Segment V'lII with 
typical lateral tubercles, and median tubercle, with several 8imj)le glandular hairs and 
two short apical clubbed hairs. Segment IX with two smaller latoro-dorsal tubendos 
each with two or three fairly long clubbed hairs, and a simple glandular hair. S<^gment X 
very narrow, short, no tubercles, but with four fairly long clubbed hairs. Pndersidc of 
abdomen smooth >^ith a few hairs. Spiracles on segments II-VIII. Legs-, Similar to 
those on first instar; slightly more hairy. Coxae dark brown. Rostrum: ()-61 mm. long 
from base of labrum. 

Third in star: about half-way between successive ecdysvs 

(Plate XIV, fig. 3) 

Length, excluding head tubercles, 1-2-1-6 mm. Dark bn>wn, yellowish or colourless 
lighter parts. Shiny. Head: Above subglobular, yellowish olive brown; 0*29 mm. be- 
tween the eyes ; slightly more than half the width of prothorax. Five long, cylindri(’al 
dark brown or black pointed tubercles, the posterior and median pointing slightly 
forwards, the anterior pair projecting directly forwards. Posterior and median 
tubercles about the same length, anterior slightly shorter; all tubercles from base to 
apex with numerous glandular hairs (more scanty on anterior pair) each with a 
terminal fluid globule; one apical, short, stout clubbed hair on each tubercle except 
the median, which bears two such hairs. Eyes rather prominent, rounded, each with 
numerous sejmrated red elements, yellowish between. Clypeus scarcely visible from 
above, dark brown, with a few long, clubbed hairs. Pale yellowish lines (sometimes 
scarcely visible) similar to those on previous instars, but lines on each side of more 
anterior tubercles diverge strongly as they pass forwards from their union opposite 
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the eyes. A brownish patch at posterior margin of head on each side. Shallow 
longitudinal groove between posterior tubercles scarcely visible. AnteMna^,: 1*3 mm. 
long; as for second instar but segment I shorter than II. Ix)ng terminal hairs on 
segment IV^ apparently not clubl)ed as in first instar. Thorax: Prothorax transverse, 
approximaU'ly 0-22 mm. long and 0-54 mm. ac-ross fnira tubeix-le bases. Translucent 
pale yellow, centre colourless ; with minute raised dots. A pniminent lateral brownish, 
uptilted tuborcK^ directed slightly forwards, on each side near jx^terior margin, 
hearing several slender glanrlular hairs and a short apical clubbed hair. At the centre, 
slightly jKMiteriorly, on each side of mid-d(»r8al line, a short clubbed hair on a minute 
tub<*rcle; one or both hairs may be quite abscMit. Surface of prothorax with small 
fK^silc, round, shining globules. Lateral margins slightly convex ; posterior margin with 
a slight convexity at the contni. Margins smooth, but for the minute raised dots over 
the w'hole surface except a nairow longitudinal it*gion down the centre and a narrow' 
transverse region across the middle of the prothorax. Mesothomx: Width, from 
lateral margin of anterior wing rudiments, wider than pn)thorax. The small central 
ania, translucent pale yellow or c<»lourle8s, alxmt half the length of the prothorax; 
minute raised (htts over dorsal surfat^e except on wing pads. A long, bla<'k tulx^rcle 
on t^ach side of the mexiian line with numerous glandular hairs each with a terminal 
fluid globule, and a short apical, clublxxl liair. Anterior wing rudiments almost 
circular, smooth, blackiHh*bit>wn, reaching U) the first and later tothc Hecj)nd abdominal 
segment ; outer, strongly convex, lateral margins entire; at middle ix)int on each side, 
a long, single, lateral, uptilt^xl tulx*rcle, bearing several slender glandular hairs, and 
an a))ical, simrt, cluhlxxi hair. (Ine or two simple glandular hairs laterally on the 
outer margin of ant<^rior wing-pads, ant<T!or to tlx* lateral tulx'rclos. Sessile shining 
globules on surface of w ing-pads. SpiracLcn on pro- and mesothorax, towanls posterior 
margin. Mciaihorax: Shorter than centml area of mesothorax; seen laterally, tergum 
stnmgly conve^x; translucent pale yellow', brownish under anterior wing rudiments. 
Minute raiscxl dot^ on jswterior half of segment, reaching towards anterior margin at 
centre.. Posterior margin very slightly concave, scarcely inciseci at centre. Posterior 
w'ing rudiments brownish, completely Ix'neath anterior pads except near base; a 
clubbtHl hair on jx^terior eonier on a minute nmnded tubercle. A few, sessile, shining 
globules on U^rgum. Abdomen: Ovate, esptxially later. Brownish black, shiny; 
dingy ycU(»w' or light brown on lighter |iarts. Connexivum yellowish hrow'n. Segment 1 
short, rosemhling metat borax; tergum strongly convex, seen laterally. Posterior 
centri' region colourless. Tubercles and glandular hairs absent; sessile globules occa- 
sionally present. Segment II w ith a minute, lateml, n^unded tubeix'le bearing a short, 
stout clublMxi hair, on connexivum on each side near posterior margin; a long blackish- 
browTi median tulxm’le near jxwterior margin, w'ith two apical, short clubbed hairs and 
a few slender glandular hairs below; tergum hrow'n around l>aao of tubercle, yellowish 
elM'W'horo, St'graent III like 11 hut median tubercle absent; bn>w'nish hut for con- 
nexivum. Segments JV-VIll with a dark hn)wai sub-cylindrical slightly uptilted, 
lateral tubercle near postt^rior margin on each side; these tubercles w’hich bear slender 
glandular hairs ea('h w'ith a terminal fluid globule, and a short apical clubbed hair, 
are not as long as prothoracic lateral tubercles. Median tubercles on segments II, V, 
VI, VIII, that on second segment small^t and with fewer glandular hairs; short apical 
clubbed hairs on median tubercles as follows: on segment V, one; segment VI, two; 
segment VIII, two, three or four: these clubbed hairs are somewhat longer than 
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those on lateral tubercles and the median tubercles themselves are twice as large as 
lateral tubercles on same instar. The three more posterior median tubercles are the 
same size, and nearly twice as large as those on second instar. Segment IX with two 
latero-dorsal tubercles each often with three longish clubbed hairs. Segment X small, 
with four longish slender, clubbed hairs; tubercles absent. Abdominal glands as on 
previous instars. Spirade^ on segmt nts I I-Vlll. Underside of abdomen smooth, with 
longish slender, glandular hairs towards posterior margins of segments. Legs: As for 
first and second instars, and in same proportion to body length; tibiae slightly more 
hairy. Rostrum: 0-68 mm. long from base of labrum. 

Fourth instar: about haJJ-wntf between successive ecdtjscs 

(Plate XIII, fig. 3) 

Length excluding head tubercles, 2*1 mm. Dark browm or black, yellowish or 
light brown lighter parts. Scattered over the head, jmmotum, wdng pads and abdomen 
are small sessile, glistening globules. Head: Subglobular, 0-32 mm. l)etween eyes. 
Brown on darker parts; yellowish pattern as on head of third instar. Antennal pro- 
minences distinct. Five very long (about 0*2 mra.), cylindrical, slender, very dark 
brown or black tubeix-los each wdth a short apical clublxHi hair and with glandular 
hairs from base to apex each with a t(‘rminal fluitl globule; posterior and median 
longest; median and anterior clustered together, proj(‘cting fon^anls. Kyt« sub- 
globular with numerous dull red elements. A broN^m patch on eat*h side of head at 
posterior margin. Clypeus visible from above, dark bix^wn with a few, fairly long, 
clubbed hairs. Antennae yellowish, appnjxiraately 2 mm. long. S<’gmentH 1 and II 
with two or three glandular hairs distally, eac’h with a terminal fluid globule; brown on 
outer faces. Segment II about half as long as 1. S<*gmpnt 1 1 1 mon< than twi(*o as long 
as IV and with numerous glandular hairs, each with a terminal fluid globule; distal 
end dark brown and sometimes a dark band half-way along segment. Segment IV 
wider and pointed at dark brown distal half; in addition tf) glandidar hairs a h^w very 
long apparently unclubbod hairs near apex and a few aj»parontly non-glandular spintw 
at extreme tip. Thorax: Pronotum (H91 mm. bn>ad. Well develoj)efl, transverse, 
broadly shield-shaped or pentagonal; slightly wider posteriorly. Yellowish, more or 
less transparent with a pale central line. Anterior margin sinuate. LaU^ral margins 
slightly convex and somewhat elevated; a long dark brown cylindrical, more or less 
upright tubercle on each lateral margin near latcrf)-iH)8torior angles; tuben kw often 
of unequal sizes and with slender hairs eat^h with a terminal fluid globule and a short 
apical clubbed hair. Antero- lateral margins often with three or four sirnjde glandular 
hairs. Posterior margins slightly raised, strongly produced at centre, there reaching 
posterior margin of anterior wing rudiments. A semicircular convexity about aa wide 
as the head and strongly arched to a median ridge, at centre of pronotum anteriorly; 
a much narrower raised median region with apex at centre of proncjtum, posteriorly. 
On each side near latoro-anterior angles, a distinct depression. Dorsal surface covered 
with minute raised dots and sessile globules. Often on each side of mid-dorsal lino 
opposite lateral tubercles a minute tubercle with a short clubbed hair. Mesothorax 
transparent; wing rudiments reaching to fifth abdominal segment, outer lateral 
margins entire, slightly convex with a number of glandular hairs anteriorly; a long 
dark, more or less upright tubercle of variable length, with glandular hairs and an 
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apical, clubbed hair, on each lat<!ral margin in a Hlightly posterior position. A tubercle 
fin each side of mid-dorsal line just btihind jHJsterior margin of pronotum and bent 
slightly foru'arrls each with numerous glandular hairs and an apical clubbed hair. 
Wing rudiments transparent yellowish brown, dark at tips and bases. A minute 
raised cone towards the centn^ of each Ming pad opjM)site first abdominal segment. 
SpiraclfH on posUTior margins or in intersegmental sutures of pro- and mesothorax. 
Metathorax: Short, pale yelloMush, only a small section shoMung lietween anterior wing 
rudiments; the latter also comjilctely cover pcisterior M'lng rudiments. Posterior 
margin colourless wnth shalloM nunlian incisKn. Abdomen: Triangular, pointed 
towanls anal exti\*mity; connexivum translucent, broad, yellowish, Avith brouTi 
jKisterior lM)r(lcrs on each segment. Central area flark broMm or black. Segment I 
sliort, with a nu*<lian, transverse colourless sM^<‘lling, strongly convex m hen seen 
laterally; like metathorax in surfaci- charact<‘rs. 

On each side of segments 11 and Ilia lateral c1uI>IkmI hair on a minute tuliercle. 
.\ long, lateral, I'vlimlriial tulsnle with .^lender glandular hairs ami a terminal, shf»rt, 
cluhlMsl hsiir on each |w»stenor angle of segments \\ to VI 11 : these* tulH-n les are smaller 
t lian (‘ither incfliaii alKlominal or hea^l tubercl«‘s. Segment IX M ith a jiair of latero- 
ilorsal tulsTele^s ofti'ii with m<»re than one .ijiicai clublK‘d hair. Segment X very small 
and short with bnir longish, sh*n<h‘i rluhlsal hairs. Segments II. V, VI and \'II1 each 
with a nnsliiin dorsal tulKTclc. t hat on 11 short(‘st ami wit h (»n!y two or three glandular 
hiurs. and om- or two apical, eluhlxsi hairs. AlMlommal glands as for jircvious instars. 
.Spiru(7os on segments ll N’lll. < hi earh tergum c\<cj»t the first, a gn^up of sessih* 
globuh*s on (‘ach sidt* of mid-dorsal liiu*. Cndci’sidc of alxlorncn slightly more hairy 
than in prt'eisling instars. hy.s: Suh-iapial, yellowish. Slightly more hairy (with 
appan*ntl\ glandular hairsl than in jinaiMiing instars. Tibiae* as long as or slightly 
longer than femora; tij)s of tarsi hrowii. Coxae brownish. Rostrutn: U*S1 mm. long, 
from base of labrum. 


Ii( fHork's on thr instars 

The .smaller details in tln‘ ab()V(‘ ilescriptions, e.t/. shape, position and 
numher of hairs, can onlv he observed safely under relatively hic^h 
magmifieations ( x 4db). For sueh details mounts made in Berlese s 
tluid were used. 

Th(‘ duid gdobules present on many hairs, partieularly those without 
obviously elubbed ends, are of a viscid nature, and increa.se and decrease 
in siz(‘ during the life of a larva. Immature insects, therefore, are often 
tMiciimhered with lumps of dried excrement or east larval cutich‘s which 
become stuck to th(‘se globules as the insects w ander over the leat surfai-e. 
In the third and fourth instars there is some variation in the sha])e ot 
hairs which were definitely clubbed in the two previous instars, the 
tendency being for such hairs to become somewhat shorter and more 
trumpet-shaped (Text-fig. 4C). 

A few incorrect statements concerning the immature stages, which 
exist in tlie lit^Tature on Le piohyrsa rhwiodvndn Horv., may be mentioned. 

Ann. Biol, xxiii 
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Crosby and Hadley(9) stated that lateral tubercles exist on all the 
abdominal segments except the first. There is, however, a very small and 
short tenth segment (best seen in cleared, unmounted, cast larval skins) 
which bears no prominent tubercle but has four long clubbed hairs upon 
it. This segment was apparently missed by the above writers. Heide- 
mann(2i), in a very brief description of the second instar, wrote that all 
abdominal segments possess lateral tubercles; in this case, the first and 
tenth segments, which are free from tubercles were apparently missed. 
The same writer was then led to suppose that the median dorsal tubercles 
were borne on the first, third, fourth and sixth abdominal segments 
instead of on the second, fifth, sixth and eighth. Heidemann also stated 
that pores exist on the tubercles, but by comparison of his figures with 
preparations of larvae it is apparent that he mistook the pale round seta- 
bases for pores. 

Concerning the fourth instar, both Heidemann and Theobald ma(h» 
the same error as Heidemann did in the case of the position of the median 
tubercles of the second instar. Theobald, moreover, stated that there 
are tubercles at the apex of each wing pad, and that there are four pairs of 
lateral and a pair of terminal tubercles on the abdomen; he obviously 
thought that the first pair of lateral abdominal tubercles were situated 
upon the wing pad. Heidemann’s remark that the wing pads of the fourth 
instar reach to the third segment is also incorrect, since even in instars 
which have immediately moulted from the third larval stage, the wing 
pads (anterior) clearly reach to the fifth al)dominal segment. 

Neither parasites nor predators of immature or adult stages of Ltyto- 
byrsa rhododendri Horv. have been found, nor does the literature indicatt* 
that any are known. Species of Stephanitis, however, are preyed upon by 
Stethoconus spp. (Hemiptera), and Schumacher (U<) has suggested that 
St€tho€07ius cyrtopeUis Flor. preyed upon Stephanitia oberti Kol. in lavland. 

Moulting ])eriods 

The following periods apply to insects kept in the greenhouse during 
the latter half of May and the first half of June. 

First instar (48 insects) 6 8 days (a few 5 days). 

Second instar (45 insects) 4-6 days. 

Third instar (11 insects) 3-6 days. 

Fourth instar (9 insects) 9-10 days. 
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IX. Summary 

1. A brief review of the literature dealing with the history of Le'pto- 
byrsa rhododendri Horvath as a pest is given. The original home and 
subsecjuent dispersal are discussed. 

2. The distribution of the insect in Great Britain, as known to the 
author, is given. 

3. The bionomics of the insect are dealt with. 

4. Detailed descriptions of the structure of the egg and its position in 
the leaf tissue are made, together with a short description of the egg gall 
and an account of the hatching process. 

5. The external appearance of each of the four instars is described 
in detail. (V)niments upon the descriptions of the immature stages of 
previous workers are given. 

b. The list of references contains all the more important papers which 
deal with the insect mainly from general economic and bionomic aspects. 
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EXPLANATION OF PLATES XIII-XV 

PLATE XIIT 

Fig. 1. Lateral view of head and thorax of adult male LcptohgrAa rhdfAli ntln Horv. 

Fig. 2. Adult female, L. rhfxiodendn Horv. 

Fig. 3. Fourth instar, L. rhododendri Horv. (5th day). 

PLATE XIV 

Fig. 1. First instar L. rhododendri Horv. (6th day). 

Fig. 2. Second instar L. rhododi ndri Horv. (3rd day). 

Fig. 3. Third instar L. rhododendri Horv. (3rd day). 

1»LATE XV 

Fig. 1. Transverse section leaf of rhodmlendron (The Queen), with eggs in Mitn, before gall 
cells had cf)mmenced to proliferate, i.c, egg freshly laid. Stained in light grwn and 
safranin. 

Fig. 2. Transverse section leaf of rhododendron sp., with eggs ni tutu. The gall tissue had 
proliferated and had formed a mature gall: the eggs had over-wintered in the leaf. 
Stained in cyanin and eosin. 

Fig. 3. Transverse sectiem leaf of rhododendron (Caractacus) through a mature gall hut 
between eggs. Stained in cyanin and eosin. 

a, egg; 6, gall ti.ssue; r, proliferating zone of gall; d^ palisade tissue of upp<‘r side f)f leaf. 


(Received October 24, 1935) 


^ The original reference has not been seen; it is possessed by no library in London 
or Oxford. 
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InTRODT ( TORY 

Comparatively little work lias been done on the food relations of in.sects 
in general, and our knowledge of the subject with regard to wood-boring 
insects is, as yet, particularly sparse. Several recent researches, however, 
have throw^n considerable liglit upon the physiology of digestion in wood- 
borers, and the subject has become one of great interest in vdew of the 
unexpected results, particularly in connection with the role of so-called 
symbiotic micro-organisms. VvarovO^) in his summary of the literature 
up to 1927 upon insect nutrition comes to the following conclusions 
concerning wood-boring insects: “To summarise, it is known that the 
nutrition of the vast majority (perhaps of all) of wood-feeding insects is 
intimately connected with their symbiotic micro-organisms, but the 
physiological side of their nutrition remains entirely unknown. Indeed, 
all that is known is that the insects, apparently feeding on w^ood, are not 
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actually using wood directly as food. There is, however, no evidence at all 
as to what substances they do, in fact, feed on; these may be particles 
of wood partially digested by micro-organisms, or their secretions, or 
their excretions, or even the micro-organisms themselves. In other 
words, wood-eating insects must be classified as insects of absolutely 
unknown feeding habits. This is an astonishing conclusion at which to 
arrive with regard to a group of insects of great economic importance and 
one which is very widely spread and of common occurrence." This general 
concept of the possible importance of micro-organisms, although still 
holding good for some families of wood-borers, is rapidly losing favour in 
the case of others. Furthermore, it has now been shown that some insects 
are capable of deriving their nourishment directly from wood. 

Since the publication of Vvarov's summary, several important papers 
dealing with digestion in wood-boring insects have appearerl. I’articular 
attention has been paid to the larvae of the Ceram))ycidae, probably 
because the larger size of many species makes them suitable for this type 
of investigation. The work of Falck(s). Horndr)), Kipper(iiT), Muller(ii‘’») 
and Mansour and Mansour-Bek(-i) shows that a cellulose is of common 
occurrence in the larval 2 ut of members of this family: indeed, only (me 
species has so far been recorded (2i) as not possessini; such a figment. In 
the Anobiidae, Campbell r>) has showm and RipfierrJT) confirmed that 
celluloseis brokendow'n m the larval gutof AV.s7(>h??//e.and Falc4c(‘o records 
similar results for Anahunn. Campbell (')) has also proved l>y clnmiical 
methods that larvae of the family Lyctidae cannot digest the const it inmts 
of the cell wall, and WilsonO^), extending the work of Meriii, lM). has 
recently showm that starch in wood forms the principal focal of Lf/rJus 
larvae. Mansour and Mansour- Bek (22) have recently reviewed the' whole' 
subject of digestion of w ood by insects, and it is now clear that the larvae* 
of some wood-borers can break down certain cell wall componc'nts and 
use the resulting products as a source of nourishment, while the larvae 
of other species are unable to hydrolyse the constitu(*nts of tlie skeletal 
substance and must rely for food upon cell contents or the breakdown 
products from wood caused by other agencies such as fungal decay, a 
subject w^hich has, as yet, been little investigated. 

Wood eating involves the organism in adaptation to a highly special- 
ised environment and diet, and for some time past it has been considered 
by many authors, particularly Buchner (3) and his co-workers, that, with 
reference to the physiology of digestion, this specialisation is bound up 
with the presence in many wood-borers of micro-organisms such as 
yeasts, bacteria and fungi. The relation between host and micro-organism 
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was thought to be essentially symbiotic, the host providing shelter for the 
micro-organism and the micro-organism helping the host to utilise a 
refractory diet. The more recent researches of Ripper, Muller and Man- 
sour, however, show that some insects with symbionts cannot digest the 
cell-wall constituents of wood, and that othtT insects with no symbionts 
can hydrolyse certain components. Both Kipper and Muller suggest that 
the so-called symbionts are more in the nature of hereditai)le parasites or 
commensals, l)ut until more information is availai)le the question must 
remain open, althoiigh ther(* now seems little doubt that in some species 
of wood-feeding insects tin* micro-organisms cannot l>e of aiiv value to the 
host witli respect to digestion. 

Most of the work so far published deals with Isoptera. Anobiidae 
and Cerambycidae, l)Ut th<‘ present paper gives the results of an investi- 
gation into the food relations of another family of wood-borers, the 
Lvctidae. 

ThK LViH S POWOEK-FOST BEETLES 

The economic importance of these* insects lias iieen discussed by Fisher, 
t'ann and Ihirkiiuii). Kecent work on their biology is given m papers by 
Fisherdei, KojimaUT) anti Parkinr-^*), each of which contains a list of 
re*ferences to the subject. For the purposes of this paper, however, it is 
desirable to summarise very briefly the pertinent fact.s of the life history 
and liabits. The beetles cnierg(‘ from infesteil wood mainly during June, 
July and August. They live J b W(‘eks, during which time copulation and 
oviposit ion take place. The eggs are laid in the vessels of the sapwood of 
certain recently seasoned hanlwtxHls. r.(j, oak. ash. elm. walnut, etc., and 
hatch in 8 12 days. The larvae tunnel in the direction of the grain, 
reducing the wood to a fim* p(»wder which is pa(‘kcd in the galleries. With 
very rare (‘xceptions the attack is always confined to the sapwood. The 
pupal period lasts '1 4 w<*eks, after whieh the beetles emerge and recom- 
meni'e the cycle. In Great Britain there is normally one generation per 
year. Varirius rnetluKls of control are in use, and the present investigation 
was undertaken to ascertain what substances in wood are utilised as 
food by LifdHH larvae in order to coiusider nltimately the possibility of 
treating the wood in some way t/O remove these substanc es or render them 
no longer available in suitable form. If such treatment were practical 
and economic it would then be possible to render all sapwood immune 
from Lycim infestation with a considerable saving to the industries 
concerned. 
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Material 

Lyctus larvae and beetles required for the work were obtained from 
stocks of infested English and American hardwoo<l8 kept at the Forest 
Products Research Laboratory. The adult beetles were identified with the 
aid of Kraus and Hopkins’ (is) kev and by comparison with specimens, the 
identity of which was determined by Monsieur P. Lesne, Museum National 
d’Histoire Naturelle, Paris, and Mr W. S. Fisher, L^.S. National Museum, 
Washington, D.C., to whom thanks are due for their willing help. There is 
at present no means of identifying the larvae of species of Lyctus, but 
the material probably consisted of a mixture of L, brunneus Steph., 
L. hneans Goeze, and L. planicoUis Le (’. 



Text fifi. 1. Lanai jrut of Li^ctu^ Hg, hindjfiU, J/, Malpij^hian tulx*, Mg\, Mq 1, anterior 
and pofttenor portions of mid>?ut . O, oenophagiiH, P, pro\f‘ntn(‘uluH, H, rt'ctum, 
iV, paired sacs applied to hind^ut. ( >' 17 ) 

The larval digestive system 

Apart from a short description by Kojima(iT); no work has been done 
on the morphology and histology of the larval gut. The mouth leads into 
a short, narrow oesophagus (Text-fig. 1), the thin walls of which are 
composed of flattened epithelium with a few longitudinal muscles ex- 
ternally and a delicate chitinous intima internally. The oesophagus opens 
into a small globular proventriculus (Text-fig. 2 A), having a thick 
chitinous lining beset with eight longitudinal bands of backwardly pro- 
jecting stout setae which probably help to propel the food into the midgut 
and prevent regurgitation. The wall has a middle layer of flattened 
epithelial cells and a thick outer coat of circular muscle fibres. 

The epithelial wall of the proventriculus projects slightly m the form 
of a funnel-like valve into the midgut, which is very large and usually full 
of brown digestive juice containing many small wood particles. The mid- 
gut shows two portions, the anterior of which is distended and character- 
ised by the presence of irregular transverse striations, while the posterior 
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is formed of a simple narrower tube; there is no distinct line of demarca- 
tion. The wall of the anterior part (Text-fig. 2B) is formed of glandular 
columnar cells. During the non-secretory phase, there is at the apex of 
each cell a striated hyaline area from which projects a fringe of numerous, 
closely set cilia-like processes. In the actively secreting phase the hyaline 
area disappears, the fringe is much shorter, and the cells are filled with 




Text hg, 1*. l>ar\al gut ol Ludtty. A, transverho section of proventneuJus { a HM)). B. 
Jongit udinal Rcttiuii midgut ( x43e)- transverse section of hindgut through 
glandular bands ( a I2U). D, transverBO section of hindgut through paired sac ^ ( a 120). 
/?, peritoneal membrane; (\ chitinous linirg. A’, epithelium, gland cndls, //, h\ aline 
striated area; /, interstitial (*<*11, A, lumen of gut, A.*N., lumen of sac, M, Malpighian 
tube, .Vfc, circular must It* Iay(*r, .Uw, membrane binding Malpighian tubes to 
hindgut; A", nucleus of epithelial t‘ell; J\ cilia like prcK^eases, *S, seta. 

darkly staining basophile granules which rapidly disappear if the larva is 
starved for a few days. The posterior portion of the midgut is similar to 
the anterior, but all the cells are shorter, except at the posterior end 
where they increase somewhat in height. Between the bases of the 
glandular cells along the whole length of the midgut can be seen scattered 
small groups of darkly staining interstitial cells which eventually give rise 
to the imaginal tissues. Externally the midgut is covered by a fine 
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peritoneal membrane and seems to be devoid of any muscle layers: 
progress of the gut contents must presumably he brought about by general 
body movement. 

At the junction of midgut and hindgut arise six green or brown 
Malpighian tubules, the distal ends of which are closely bound to the 
hindgut about half-way along its length (Text-fig. ‘20). This condition is 
present in a number of insects and is probably concerned with water 
economy when little is present in the food ( Wiggles wort h Gvn). Insects 
living in seasoned timber cannot afford to lose water by excretion. 

The hindgut is folded into a loop in the body cavity during the course 
of which the wall, consisting of muscles, epithelium and chitinous lining, 
shows extraordinary variation in folding and n^lative thickness of the 
different layers. The wall of the first part is thnmn into six or seven 
longitudinal folds, and the cavity has a cliitinoiis lining very densely 
covered with fine bristles which probably prevent solid j)artioles re-enter- 
ing the rnidgut. Soon after its commencement, the hindgut runs hori- 
zontally across the body, and each end of the loop enU*rs into close 
contact with the atrium of the corresponding large spiracle on the 
eighth abdominal segment. Closely applied to this region of the gut, but 
apparently not opening into it, are two sacs (Te.xt-fig. 2D) lined with 
cliitin which unite with each other at both ends. The posterior descending 
part of the rectum also conies into close contact with tliese .sacs. On the 
side next to the sacs the gut wall is formed of irregular epithelial cells 
showing few nuclei and a thick internal lining of chitin which occupi(‘s 
up to one-half of tlie lumen. On the opjxisite side, the wall has an 
external layer of circular muscle fibres, a thin fohled epitlu^lium, and a 
delicate chitinous iiitima closely presst‘d to the eyiitludium surface. It is 
not known whether this structure has any special function. Two bands 
of glandular cells (Text-fig. 20) are j)res<*nt on ofiposite si(h\s of tin* 
hindgut about half-way along its length: their prominence varies con- 
siderably in different larvae, and it is possible that they function in 
absorbing water from the frass, which is always dry by the time it reaches 
the hind part of the rectum. Posteriorly, the hindgut is characterised by 
the well-developed sheath of circular muscles and the thick, folded 
chitinous lining, the surface of which is channelled longitudinally by 
numerous fine, shallow grooves. 

From a histological study, it is clear that digestion must occur 
principally in the midgut, but is no doubt continued whilst the food is 
passing through at least the anterior portion of the hindgut, the function 
of which is probably chiefly that of absorption. The digestive enzymes are 
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Hecreted mainly, if not entirely, by the walls of the midgut, since there 
are no caeca, salivary or other glands appended to the gut, except the 
small bands of glandular tissue on the hindgut. 

The role of mk’ro-oroanisms in relation to dioestton 

The presence of micro-organisms within the body of Lyciu^ (larva, 
pupa and adult) was tirst reported by Gambetta (12), whose paper 1 have 
unfortunately been unable to consult; his findings have, however, been 
summarised by Ruchncri.o. Kojima(iT) has confirmed Gamlietta's obser- 
vations during his study of the larva of L. luteans. I have examined 
the so-called mycetomes in order to form an opinion upon the existence 



Tr\t ti;: ,*L Lnri^itudiiial sc(tn)n of Lifdns larval nncetonu* ( \ central sviicvtinm wjth 
ninln ( n, J/, nieniLrarn , jx riphcTnl ^mu v t nnn with nucUi /'/o ( ^ 

of symbiosis and the possibibtv of its relation to digestion, but my ob- 
servations do not entirely agree with those of the tw'o workers quoted. 

In Lyciut^ larvae, a pair of organs (inycetome'<) lie free in the haemo- 
coelic cavity surrounded by the fat body. They are not connected with 
the gut nor any other organ, although they ahvays he in approximately 
the same position, namely, dorsally at the posterior end of the midgut. 
W hen dissected out. the structures are seen to be ovoid in shape and 
transparent, slightly less transparent in the centre than round the margin. 
If sectioned and stained, each mycetome (Text-fig. 3) is found to consist 
of tw’o parts, one peripheral and the other central. The wdiole structure 
is enclosed in a thin membrane wnthin which can be seen 6-12 peripheral 
groups of darkly staining bodies forming a ring round the central portion, 
but not covering it completely. These groups are separated from each 
other and from the central portion of the mycetome by a second fine 
membrane. Each peripheral group is a synctium containing 3-6 rounded 
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nuclei which are not easily seen, and a large number of very small bodies 
so densely packed that it is extremely difficult to determine their struc- 
ture. They appear to be oval with a somewhat irregular margin, and each 
contains two or three basophile inclusions. The central portion of the 
mycetome is also a syncytium, the nuclei of the component cells being 
hypertrophied and very irregular in outline. The cytoplasm is extremely 
densely packed with very minute, cylindrical, bacillus-like bodies which 
have a darkly staining spot at one end. The large oval symbionts, which 
Gambetta and Kojima describe in the central portion of the mycetome, 
must correspond to what 1 regard as nuclei. In sections, the central 
portion is very clearly divided into five or six parts, but this is probably 
to some extent due to shrinkage during fixation. 

The mycetomes persist unchanged in the pupa, but take up a position 
ventrally at the anterior end of the abdomen. I have not investigated 
their occurrence in the adult nor the mode of transmission, but have 
distinguished miniature mycetomes in sections of newly hatched larvae*. 
According to Buchner, Gambetta states that the symbionts break out 
of the mycetomes and penetrate into the ovarioles, thus infecting the 
eggs- 

Among wood-borers only the Bostrychidae (MansourdJM) have myce- 
toraes in the larva resembling those of the Lyctidae, whilst, among the 
Coleoptera not living in wood, some Oucujidae (Koch (16)) and (’urcu- 
lionidae (Buchner ( 3 ), Mansouri^O)) bear the greatest resemblance. There 
is no evidence to show whether or not the mycetomes of Lyclm contain 
organisms which are symbiotic. As there is no connection with the gut, 
it is evident, however, that, if the organisms are symbiotic, they can 
play no part in digestion by the host, unless they act as a source of 
vitamins which are lacking in the food, a possibility suggested by 
Wiggles worth (3^1) to account for the presence of similar mycetomes in 
other insects. 

Investigation of the food require.ments of Li t ri s larvae 

There are four methods by which the substances utili8e<l for food by 
Lyctus larvae have been investigated, namely: 

(i) Chemical analysis of food and excrement. 

(ii) Removal of certain substances from the wood by extraction with 
solvents. 

(iii) Testing for the presence of certain enzymes in the gut. 

(iv) Feeding on artificial diets. 
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Each of the above metliods has yielded information which helps 
towards solving the problem, but, as knowledge of the chemistry of wood 
is as yet incomplete, particularly with reference to the cell contents, it is 
difficult to correlate the results of the various lines of investigation. 

Chemical atialysis 

Campbell (•’i) published in 1928 the results of analyses of sound oak 
sapwood and Lycins frass which showed that there was no change in the 
proportions of the main cell wall constituents of wood after passing 
through the digestive trac t of the larvae. He concludes that either a 
portion of the wood is digested completely or Lyctus larvae feed only upon 
the cell contents. As it is moat unlikely that a larva could digest com- 
pletely so resistant a substance as wood, it would appear that the cell 
contents only are available as food. Campbell (S) has recently confirmed 
this by showing that there is a considerable reduction in starch content 
during the passage of wood through the larva. If the larval bore-dust is 
tested with iodine-potassium iodide solution, starch grains can be de- 
tected. This shows either that Lyctus larvae do not ingest all the w’ood 
particles w'hich they bite off or that a number of starch grains pass 
through the gut unaltered, being in some way protected from the action 
of the digestive ferments. 

For comparison with Lyctus. the food (oak) and frass of larvae of 
Xestubium rujovillosum were also examined, and here a definite drop in 
the cellulose and pentosan content was observed, showing that Xestobium 
larvae can utilise as food part of the wood substance itself. Ripper ( 27 ) 
has performed a similar analysis with maple as the food material, and 
has found that a considerable loss in cellulose content of the food occurs 
during digestion by Xestobium larvae. 

Extraction of wood with solirnts 

Boodle and DalliinoreC^) have concluded that attack by the Bostry- 
chid beetle, Dinoderus minuius, in bamboo is governed by the amount 
of soluble sugars in the w ood, and they found that storing bamboo under 
w^ater for three months, a treatment commonly adopted in India, greatly 
reduced the soluble sugar content and rendered the wood unattractive 
to the beetles, although starch was present in considerable quantity. 
Snyder ( 30 ) says that losses due to Lyctus beetles can be prevented “ . . .by 
submergence in water for four months, which renders the w’^ood immune 
from attack, even after removal from the water". 

In order to investigate the effect of leaching, a preliminary experiment 
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was started in 1930 when several pieces of air-dried oak sapwood were 
soaked in cold water until the extract was no longer coloured yellow. The 
samples were then air-dried again and exposed to attack by Li/ctus 
beetles along with an untreated control specimen, and monthly observa- 
tions were made of the larval activity. Of the seven pieces of leached 
sapwood only one showed signs after 12 months of active infestation, 
indicated by a single small pile of wood dust on the surface, whereas the 
control was heavily attacked. Two samples were cut up and examined in 
detail and it was found that numerous eggs had been laid in the vessels, 
but the young larvae had died after some 31 months, during which tinu' 
they tunnelled only a short distance in the wood. 

It was evident that leaching with water had an adverse effect on the 
development of Lyctus larvae in the treated oak sapwood, and it was there- 
fore decided to investigate the pr(d>lem in greater detail in 1931. Small 
samples, li x Ax i in., were extracted with water, alcohol or ether in a 
Soxhlet apparatus by the Wood Chemistry Section of the labf>ratorv 
until the extract was colourless. The alcohol- and etlier-extracted samples 
were kept in a vacuum desiccator until the solvent had been removed, 
and all specimens were then placed in another desiccator over ‘'ulj)hiinc 
acid diluted to give a relative humidity of 75 per cent, to the enclosed air: 
the wood assumed an e({uilibrium moisture content of about 15 p(‘r cent. 
Owing to an accident some sulphuric acid was spilt over all but tiin'e of 
the samples, one water-, one alcohol- and one ether-extra(‘ted. These were 
exposed to attack by L. brunKeus with a fewoftln* less ba<lly (‘(»ntaminated 
pieces: a new set of specimens from a different source of oak sapwocxl was 
similarly prepared, extracted and exposed to attack by beetles of the 
same species. The samples of both series were observed periodically for 
external signs of larval activity, until they were examined in detail by 
complete cutting up some 7-9 months after exposure to attack. 

It was found that the acid-contaminated samples contained living 
larvae which were undersized, presumably through restriction in tlie 
amount of wood available as food. In the three specimens which were 
not touched by acid, and in a control sample of normal oak sapwood 
exposed to attack with them, live larvae were alsf) found, but, whilst in 
the alcohol- and ether-extracted and control saitiples the larvae wen* 
2 -3 mm. in length, those in the w^ater-extracted sapw^ood had attained 
a length of only 0-5-1 mm., that is, were scarcely larger than first-stage 
larvae. Thus, extraction of the wood with alcohol or ether had no 
apparent effect upon the development of Lydus larvae, but extraction 
with water inhibited their development very considerably. 
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Of the thirty samples comprising the second series, it was found that 
only four showed signs of active infestation. These four specimens were 
all controls, but five other control pieces did not show signs of active 
attack. The extracted samples contained a number of larvae, all of which 
had died after tunnelling a few millimetres. Comparison of the two sets of 
results suggested that, with the exception of the four attacked controls 
of the second series, there was a radical difference between the wood used 
for the two series of experiments. Light was thrown upon the problem 
by an examination, carried out in conjunction with Dr S. E. Wilson (35), 
of samples of ash, some of which he had rendered free from starch and 
submitted to this laboratory for exposure to infestation by L. hrunn^us. 
The starch-free ash was not damaged by Lyclus, whereas that containing 
starch was severely attacked. The samples used in the extraction experi- 
ments were therefore treated ^vith iodine-potassium iodide solution and 
examined for starch content under a low-powered binocular microscope. 
The wood of the first series showed abundance of starch grains, whereas 
that of the second series proved to be starch-free except for the four 
control samples which had been successfully attacked. In the twenty-one 
starch-free samples which had been extracted, 303 tunnels of young larvae 
were discovered, but none of these larvae had lived more than a month 
or two. 

Two factors had now appeared which could influence the development 
of Li^ctus larvae: the presence or absence of a water-soluble substance 
and the quantity of starch in the wood. 

In U132 it was decided to repeat and extend some of the previous 
year’s experiments in view of the importance of starch. The experi- 
mental procedure was the same, but special care was taken to obtain 
material containing starch by using the sapwood of a freshly cut. 
\\ inter-felled oak log. Alcohol extraction was omitted. A number of 
specimens of starch-free oak sapwood were obtained from another source 
for comparison with the starchy samples. Monthly observations were 
made for any external signs of activity, and the final results obtained 
when the samples were cut up 7-9 months after the start of the work are 
summarised in Table I. 

These results confirm the earlier conclusions that extraction of oak 
sapwood with ether does not in any way hinder the development of 
Lyctus larvae, whereas extraction with warm water slows down the growth 
very greatly and causes a high mortality of young larvae. Furthermore, 
it is quite clear that larvae are unable to develop in samples lacking starch. 
An attempt to introduce starch into wood which was naturally starch- 

Ann. Biol, xxui 25 
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free, by soaking in soluble starch solution, did not succeed, since, on 
testing with iodine solution, it was found that a slight blue coloration was 
visible only where starch had been adsorbed on the walls of the large 
vessels. The amount of starch thus introduced was not sufficient to in- 
fluence larval growth. For the same reason, soaking starch -containing 
samples in starch solution gave rise to no increase in the rate of larval 
development. It will be seen from the table that there was considerable 
variation in size of the larvae cut out of the samples, and this is probably 
to be accounted for by individual differences in normal growi^h rate and 
by overcrowding in the small specimens used. Such differences in larval 
size are often seen in large samples of wood which have been heavily 
infested. 

During 1933 further experiments were started to establish finally that 
starch forms one of the principal food substances of Lyctus larvae. All 
specimens were rut from the same board of oak sapwood, which was 
siiown to contain plenty of starcli. A number of samples were extracted 
in a beaker with distilled water at The water was changed fre- 

quently until no more colouring matter was dissolved out. During the 
first day the yellow extract reduced Fehling’s solution with the produc- 
tion of a definite red precipitate: by the third day the extract was 
colourless and no longer ('ontained reducing substances. The 60° C. 
extract showed no marked colour change on addition of iodine-potassium 
iodide solution. Half of the samples were then removed and dried, the 
nmiainder being further extracted with boiling water. The liquid again 
became yellow, did not reduce Fehling's solution, but gave a deep blue 
coloration with iodine solution, showing that starch had been removed 
friuii the wo(h1, Hoiling was continued for a week, when the extract no 
longer gave the blue colour with iodine. The samples, when dried and 
tested, showed that prac'tically all of the starch had been boiled out. 
Extracted samples and untreat^Hl controls were exposed to attack by 
L. hrnnneus beetles and examined monthly, as before, in order to note 
the progress of attack, so far as could be seen externally. All signs of 
activity ceased in the samples extracted at 109° C. after 1-2 months; a 
small amount of bore-dust still appeared on samples extracted at 60° C. 
after 10 months, whilst the controls all showed considerable quantities of 
dust after the same perioil. The samples were cut up for detailed examina- 
tion 10 months after the start of the experiment and the results are shown 
in Table II. 

The results in Table II show that LycUts larvae cannot live in wood 

extracted with boiling water and thus artificially rendered starch-free. 

25-2 
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whereas in wood extracted with water at 60° C. larvae find just sufficient 
nourishment for life but insufficient for normal growth. 

It will be noticed that the size of the living larvae was somewhat 
smaller than in the 1932 work: this is possibly due to the very dry 
summer and winter 1933-4. The moisture content was determined of part 
of one sample from each of the three aeries mentioned in Table II and 
found to be 9*5, 8*5 and 9*4 per cent, respectively. Fisher (uo states that 



Table 11 

Results of 1933 extraction experiments 

No. of 

Extracting 

Amount of 


samples 

liquid 

stan'h 

HesultH 

9 

VV’ater at 60° C. 

Abundant 

Live larvae 0-.'> 10 mm. lon^ 

9 

Water at 100° C. 

None (aft(*r ex- 

jiresent ; majority a liout O o mm. 
Only minute dead larvae jiresent 

9 

_ 

tract ion) 

Moderate toabun- 

Live larvae 0 2-5 mm. long 



dant 

pn'siuit; majority about l ’r> mm. 


Lyctus cannot live in wood of a moisture content below 8 per (*ent., so 
that the rate of growth w^ould probably be somewhat r(*tarded at the 
moisture contents found. 

No precise information has been obtained upon the comj)osition of 
the constituent which is insoluble in ether but easily removed from the 
wood by extraction of small samples with water at 60° V. and the absence 
of which slows the rate of larval development. The acjueous extract 
contains tannins and probably some sugars, since Fehling s solution is 
reduced strongly by the first day's extract. It is also possible that 
nitrogenous materials, e,g. proteins, or even vitamins are removed, but it 
is not possil)le to say which, if any, of the substances mentioned are 
necessary for normal larval grow’th. 

Digestive enzymes of tfu’ hrml gut 

Testing of tissue suspensions of the larval gut, including the digestive 
juices, was greatly handicapped by the small size of Lyctus larvae, the 
length of those used being between 2 and 5 mm. A large number of 
larvae had, therefore, to be dissected in order to obtain a sufficient 
quantity of extract of a reasonable concentration. Larvae were cut out 
of infested wood the day before they were re(|uired for dissection, since 
all the dissections had to be undertaken in one day in order that the 
suspension should be as fresh as possible and bacterial action kept at a 
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minimum before the whole preparation was preserved with toluene. It 
is impossible to say what species of larvae were used in this work, but 
judging by the material employed there is little doubt that at least two 
species were involved, namely L. brunneus and L. planicollis. 

The technique of this investigation was based on that of Swingle (3i) 
and 100 200 larvae w’ere dissected for each series of experiments. The 
digestive organs, freed so fur as possible from the fat body, were collected 
in 3 4 c.c. of recently boiled distilled water and ground with sand by 
means of a small agate pestle and mortar. The sand had previously been 
piiritied by washing several times in distilled water, burning in a muffle 
furnace for an hour to remove any organic materials, and then receiving 
a final wash. After grinding, the sand was allowed to settle and the 
supernatant liquid pipetted off; more water was added and the grinding 
repeated until about 50 c.c. of tissue suspension had been obtained. A 
layer of toluene was added as a preservative and the larger particles in 
the suspension allowed to settle out. This tissue suspension, containing 
the gut enzym(‘8 in dilute solution, was mixed with various substrates in 
test-tubes, the mixture being covered with a layer of toluene and in- 
cubated at 30" C, for 4 5 days. The tubes were plugged with cotton-wool 
to prevent t‘vaporatiun of the preservative. After incubation the mixtures 
were tested for breakdown products of the substrate caused by enzymic 
ac'tivity. A second series of tubes containing boiled tissue suspension 
j)lus substrate was set up as controls. The double series of experiments 
was repeated three times with different batches of larvae. 

In testing for enzymes acting upon carbohydrates, tissue suspension 
was mixed with a 1 per cent, atjueous solution of the substrate or, in the 
case of insoluble materials, with a small quantity (about 0*02 gm.) of the 
solid substance. After the incubation period the mixtures were boiled 
with Fehling’s solution to test for the presence of reducing sugars or, if 
the original substrate reduced Fehling's, with Barfoed’s reagent for the 
detection of monosaccharides. 

The results of one series of experiments are shown in Table III. 

Two further series of tests confirmed the results given in the table 
except that no definite indication of the presence of maltase was obtained. 
An additional test for this ferment was, however, carried out with a more 
concentrated tissue suspension and a positive result then again obtained. 
It is surprising that difficulty should have been experienced in detecting 
maltase in view of the presence of amylase either in relatively large amount 
or in a very active form, but it is possible that the experimental conditions 
were not correct for the optimal action of maltase. 
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The enzymes have been named in Table III according to the substrata 
upon which they act. It is improbable, however, that the specific enzyme 
lactase would exist in the larval gut of Lyctus, since lactose is not a sugar 
which occurs in the plant kingdom. It seems more likely that there is in 
the gut an enzyme capable of hydrolysing to monosaccharides certain 
disaccharides which are related in chemical constitution. 

Table III 

Tests for carbohydrate enzymes of Lyctus larvae 


(No. of larvae* used - 20.')) 




Amount of 


Amount of 




Exp. 


suspension 


substrate 


Result 


no. 

Enzyme 

c.c. 

Substrate 

c.c. 

Test 

Remarks 

1 

Control 

1 

1 Starch 

3 

Fehlinjj’s 

- 

No precipitate 

lo 

Amylase 

2 

0*1 Starch 


l-Kl 

f f r 

Very heavy ppt. 
No blue colour 

16 

Amylase 

1 

3 








after 1 1 days 

2 

Control 

1 

1 Sucrose 

3 

Fehlin^'s 

- 

No ppt. 

2a 

Invert ase 

2 


3 


^ f t 

Very heavy ppt. 

3 

Control 

I 

1 Maltose 

3 

Barf(H*<rH 

- 

Very slight ppt. 

3a 

Maltase 

2 

„ 

3 


f 

Heavy ppt. 

4 

Control 

1 

1 Lactose 

3 

,, 


No ppt. 

4a 

Lactase 

2 

.. 

3 

M 

f r f 

\'ery heavy ppt. 

6 

(bntrol 

3 

(’ellulose* 


Fehlinji's 

- 

.No ppt. 

5a 

Cellulase 

3 

,, 

-- 

,, 


6 

Control 

3 

i-CelluIoae* 

- 




6a 

a-Cellnlase 

3 

,, 

— 

,, 

- 


7 

Control 

3 

Hemicellulose A* - 




7a 

Hemicellulaae 

3 

,, 


,, 

- 



* Prepared from oak sapwood by Woo<l Chemistry SiM tion, F.P.R.L. 


In addition to tests with the carbohydrates mentioned in Table III, 
the action of the digestive enzymes was tried upon “starch’’ isolated 
from oak sapwood by the Wood Chemistry Section of this laboratory (O). 
The hydrolysis was nearly as rapid and extensive as that obtained with 
soluble starch. 

For pepsin and trypsin Swingle’s (3i) colour release method was tried. 
Fibrin was stained in acjueous congo red and washed with hydrochloric 
acid (pH 3-0) until the acid remained colourless. Stained fibrin, 2 c.c. of 
tissue suspension and 3 c.c. hydrochloric acid (pH 3-0) were then mixed 
and incubated when any digestion of the fibrin by pepsin should release 
stain into the surrounding liquid. Aniline blue, recommended by Swingle 
as a fibrin stain in testing for trypsin in slightly alkaline solution, was 
found to be unsuitable owing to its continuous slow leaching out in 
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sodium bicarbonate solution (pH 7-6): borax carmine was therefore 
substituted. Erepsin was tested for by mixing a few drops of brom-thymol 
blue indicator with 5 c.c. of 4 per cent, peptone solution, adding 2 c.c. 
of tissue suspension and then dilute sodium bicarbonate solution until 
the indicator turned blue. If erepsin is present the amino acids liberated 
from the peptone during incubation should cause the colour to change 
from blue to green or yellow. Finally, to detect the presence of a lipase, 
2 c.c. of tissue suspension were coloured blue with brom-thymol blue 
and a drop of dilute sodium bicarbonate solution; 1 c.c. of olive oil was 
added and the mixture shaken. A lipase, if present, should release fatty 
acids from the oil, causing the lower layer of liquid to become green or 
yellow. 

No clear indication of the presence of proteinases or lipase was 
obtained, however, possibly because of the great dilution of the tissue 
suspension. Schaede’8(28) photographic plate method for the detection of 
proteolytic enzymes in plants was therefore tried, but this author does 
not give details for the preparation of the plates and much preliminary 
work had to be undertaken before the following procedure was adopted. 
An Ilford screened chromatic 270 H and D plate, x 4| in., was exposed 
for I sec, in a printing frame at a distance of 18 in. from a ground-glass 
screen illuminated behind by a 00-watt lamp. Development was carried 
out in standard metol hydroquinone and followed by fixation in acid 
hypo. The plate was very thoroughly washed for some hours in running 
water, then dried and out into six strips each 1 in. wide. 

During preUiuinary work a culture of Bacillus liquejasciens fluorescens 
was used as a source of protein enzymes. The original culture was kindly 
supplied by Dr S. E, Jacobs, Department of Bacteriology, Royal College 
of Science, South Kensington, S.W. 7, and was subcultured on slopes of 
nutrient gelatin of the following formula: 

Meat extract ... ... ... ... 2 gm. 

Sodium chloride ... ... ... 5 „ 

Peptone ... ... ... ... ... 10 „ 

Gelatin ... ... ... ... ... 160 „ 

Water ... ... ... ... ... 1000 c.c. 

The slopes were incubated for 4-5 days at 24° C. until most of the gelatin 
was liquefied. A strip of photographic plate was inoculated with alternate 
drops of sterile water and liquefied gelatin from a culture and incubated 
at 24° C. in a desiccator containing water to prevent evaporation of the 
inoculum. After 48 hours the strip was washed with cold running water. 
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The black film was completely dissolved from those spots inoculated with 
bacteria, whereas no lightening in density was apparent where drops of 
sterile water had been placed. 

When testing for proteinases in Lyctus^ the guts of forty larvae were 
dissected out and torn up as finely as possible with needles in about 
0*75 c.c. of sterile water. One-half of this quantity was then heated in a 
boiling water-bath for \ hour in order to inactivate any enzymes present. 
Drops of the suspension, sterile water and boiled suspension were placed 
alternately on strips of plate. After 24 hours’ incubation in the moist 
desiccator, the strips were washed in cold running water when the gelatin 
acted upon by the gut enzymes was dissolved aw'ay completely; the water 
and boiled suspension spots show^ed no change. 

In order to test for the action of bacteria in the larval gut suspension, 
a similar experiment was carried out but each drop of the different 
materials on the strip was covered with toluene. The result was the same 
as before. As a further check, tubes of malt agar were inoculated with 
normal gut suspension and with boiled suspension. Kxamination after 
3 days’ incubation at 24° C. revealed that two slopes inoculated with 
normal suspension show^ed a total of tw’elve very small mould colonies and 
one minute w’hite bacterial or yeast colony, w hereas tw o boiled suspensioii 
slopes had no signs of any growths. It is highly improbable, therefore, 
that fungal or bacterial action could have been sufficient to account for 
the results of the enzyme tests. Later experiments showt^d that the 
proteolytic action of the larval digestive juice could be clearly demon- 
strated by incubation drops of a suspmsion containing 4 fi larval guts, 
torn up in 0*25 c.c. of sterile water, on a strip of blackenetl plate for 
10 min. at 30° C. and wa.shing as before. 

It may be concluded that Lyctus larvae po.H.sesH a fenmuit capable of 
breaking dowm proteins, but the experiments give no clue to the identity 
of the enzyme. 

It is clear from these experiments that the gut of the Lyctus larva is 
fitted to digest proteins, starch and certain disaccharides occurring as cell 
contents in wood, but is unable to utilise the more complex carbohydrat<m 
such as cellulose and hemicellulose which are present as constituents of 
the cell w^all. This is in accordance with the results previously obtained 
from chemical analysis of food and frass and from the extraction experi- 
ments, but throws no light on the problem of what substance or sub- 
stances, removed from wood by water at 60° C., are so necessary for 
normal larval development. 

Relatively little work has yet been carried out upon the hydrogen-ion 
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concentration of the gut contents of insects, but Swingle ( 32 ) has shown 
that, among wood-borers, the midgut contents of a Parandra brunneu 
beetle (Cerambycidae) had a ^H = 6*18, and in the larva of another 
Cerambycid, species unknown, the foregut (pH 6-57) and midgut 
(pH 6*93) are very slightly acid, whereas the hindgut (pH 8*12) is defi- 
nitely alkaline; in the foregut of the carpenter ant (Ca^nponotus hercu- 
leamis) the very high value of pH 4*00 was obtained. In the powder-post 
l)eetle8, the hydrogen-ion concentration of the tissue suspension of the 
larval gut was determined colorimetrically as pH 6*5, indicating that the 
digestive juices are slightly acid. Since the extract was made from the 
whole gut, however, it is possible that the values might deviate consider- 
ably in different parts from this mean value. 

Ariijicial diet 

It is extremely difficult to make larvae of Lyctus feed upon a powdered 
substance, since, once the support of the tunnel wall is removed, they 




— , n- , ^ 

P L S T fP 

Text Tu!k‘ for feeding Lyctus larvae on powdered substrates. L, larva; 

i\ unwaxed plug; X, substrate; glass tube; \\\ waxed plug. 

seem unable to move or feed freely and, as a result, soon die. Several 
methods were tried unsucces.sfully before a technique was discovered 
which promised comparable results with different substrates. Glass 
tubing, 3 mm. in internal diameter, was cut into 8 cm. lengths (Text- 
fig. 4), and one end of each piece closed with a short wooden plug and 
then sealed with parattin wax. The powdered substrate (passing a 
(iO-mesh screen) was introduced in small quantities and packed tightly 
by means of a length of glass or metal lod which just fitted the cavity of 
the tube. About 2 cm. from the top a larva, 1*5-2 mm. long, was inserted ; 
a further 1 cm. was carefully packed wdth substrate and the tube closed 
with a second wooden plug projecting at least 1 cm. from the glass and 
not waxed. A number of tubes, each containing one larva, were thus 
started with each substrate and kept in an incubator at 24° C. with a 
relative humidity about 70 per cent. Examination under a binocular 
microscope once a week enabled the progress of the larvae to be watched. 
As each larva burrowed through the powdered food material, which was 
thus reduced to a smaller particle size and consequently packed more 
tightly, it formed for itself a small cell and tended to lose support for 
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feeding. The unwaxed plug was therefore periodically pressed further into 
the tube, and the substrate once more compressed round the larva. 

The substrates used and the results of the experiments expressed as 
average length of life of the larvae are given in Table IV. Sapwood only 
was used in these experiments; the signs (-f ) and (~) following the 
names of timbers indicate respectively that starch was present in or 
absent from the sapwood. The figures in the column headed “Substrate” 
refer to parts by weight of the constituents in mixtures. All larvae 
surviving their first moult, with the exception of a few accidentally killed 


Table IV 

Duration of life 0 / Lyctus larvae feeding upo7i various diets 


Serial 

letter Substrate 

A Control without food 

B Norway spruce ( - ) 

C Beech ( - ) 

D 4 Beech ( - ) + 1 peptone 

■ E 4 Beech ( - ) + 1 ‘‘starch” extracted from 

oak 

F 4 Beech (-)■*- 1 soluble starch 
G Oak(+) 

■ H 4 Oak ( + ) 4 - 1 pi‘ptone 

1 4 Oak ( -f ) + 1 soluble starch 

J Oak extracted with water at (MT C. ( t ) 
• K 4 Oak extracted with ( 4- ) + 1 sucrose 

L 4 Oak extracted with ( * ) + 1 glucose 

M ISoluble starch 

N “Starch” extracted from oak 
0 4 Soluble starch 4- 1 sucrose 4 I peptone 


No. of 

Av. length 


larvae 

of hie 


used 

in dayn 

Remarks 

9 

48 8 


16 

53r» 


15 

:)2‘2 


6 

54 0 


12 

81 8 


8 

232 8 


11 

81-7 


9 

116 3 


7 

253 2(5) 

1 pupated after 131 daj», 1 
ah\e after 402 daya (28.x 35) 

10 

60 8 

6 

280 0(3) 

3 all ve after 395 day H (28. x. 35 

6 

? 

4 aceideutally kdU^^l, 2 alive 
after 395 days (28. x. 35) 

7 

155' 7 

6 

66-7 


6 

262'0 

1 kdlwl aeeidenlally afU'r 
221 days; 2 pupated aftei 
322 and 353 dayB reapei tivelj 


by squashing when adjusting the unwaxed plug, are included in the 
calculations of the average length of life. 

It will be seen that larvae confined on the starch-free wood flour of 
Norway spruce (series B) or beech (C) live very bttle longer than the 
controls without food (A), and that the addition of peptone, as a source of 
nitrogen, to the beech (D) makes no appreciable difference. Acldition of 
“starch” extracted from oak sapwood to starch-free beech (B) increases 
the length of life by more than one-half, whilst larvae can live for 8 months 
when soluble starch is mixed with the beech flour (F). These experiments 
with beech indicate that peptone cannot increase the length of life of the 
larvae in the absence of suitable carbohydrates, and that the addition of 
starch provides much of the necessary carbohydrate requirement. 



E. A. Parkin 


389 


In normal oak sapwood (G) the larvae lived on an average 81*7 days, 
and the failure to live and eomplete their development can be ascribed 
only to the experimental conditions. It would appear, therefore, that any 
substrate which supports larvae for more than an average of 81-7 days 
must include some constituent which has good nutritional value, 
thereby reducing to some extent the need for continuous tunnelling under 
unfavourable conditions. Peptone added to the oak flour (H) increases 
the length of larval life considerably and must therefore act as a source of 
food. The admixture of soluble starch with the oak (I) enables the larvae 
to live for 9 months, and one larva which was slightly longer than 2 mm. 
when inserted in the tube pupated after 131 days and eventually turned 
into an undersized beetle. Oak sapwood flour (J), treated with water at 
00"" C. in the same way as the small blocks in the 1933 extraction experi- 
ments, supported the young larvae foi 60*8 days, a figure well below that 
for the unextracted material (G), thereby confirming the fact that water 
at 00° V. will remove from the wood, without any apparent reduction 
in the starch content, .some substance which is necessary for larval 
development. The addition of sucrose (K) or glucose (L) to water-extracted 
oak enables the larvae to liv(‘ and grow slightly for more than 12 months, 
and this strongly suggests that sugars are the water-soluble constituents 
of wood without vliich normal larval development cannot proceed. 

Larvae confined on soluble .starch (M) lived a considerable length of 
time, but never increased in size, showing that whilst starch is perhaps 
the principal food of Lyctua larvae it is, in itself, insufficient to satisfy 
the requirements of the in.sects. Young larvae lived an average of 66*7 days 
on ‘‘starch” extracted from oak sapwood (N), but it is possible that the 
treatments undergone during extraction from the wood alter the “starch” 
in some way, thus rendering it more diflicult to assimilate. This is also 
suggested by comparison of series E and F. The last series (0) comprised 
some larvae which were placed in a mixture of starch, sucrose and pep- 
tone. The mixture was slightly hygroscopic and became rather sticky, 
but, in spite of this, the larvae grew steadily and showed every sign of 
being quite normal and healthy. Two larvae pupated successfully and 
turned into normal adults. Since the larvae tunnelled very little, the 
diet must have had great nutritive value; furthermore, the mixture was 
completely digested, for excrement was almost entirely absent. 

The results of this series of experiments confirm that starch is a neces- 
sary constituent of the food, and indicate that a soluble sugar, such as 
sucrose or glucose, and probably a small amount of protein, are also 
required by Lyc/u.*? larvae. None of these substances, however, is a 
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complete food by itself. The series 0 experiments prove conclusively that 
Lyctus larvae can satisfy their food requirements with the cell contents 
of suitable timber and do not need any additional nutriment which may 
be available in the cell-wall substance. 

Selection of wood for oviposition 

It has already been shown (2t>) that vessel diameter is a factor governing 
the liability of different species of wood to attack by Lyctus, but the 
present investigation has clearly demonstrated that it is a matter of 
great importance to the insect that the females should be able to detect 
wood containing quantities of food sufficient for normal development. It 
was evident from the results of the extraction experiments that relatively 
few eggs were laid in samples which were starch-free compared with 
untreated controls containing starch. Exceptional instances were noted, 
however, in which a starch-free sample contained a large number of dead 
larvae, and the only explanation that can be offered is that the physio- 
logical urge in the females to lay eggs must, in these cases, have overcome 
their disinclination to oviposit in unsuitable wocxl. Females have on rare 
occasions deposited eggs in a glass tube or Petri dish when no worn! was 
present. 

A special experiment based on the knowledge that water-extracted 
and starch-free samples are unsuitable for larval development, was 
undertaken to test the ability of Lyctus beetles to detect the suitability 
of wood for oviposition. Thirty samples, each 1 x J x J in., were cut from 
English oak sapwood containing abundant starch. One series of ten 
samples was used as controls, a second series of ten was extract<‘d with 
water at 60^^ C. until the extract was colourless, and the third was 
extracted with boiling water until the extract was colourless and starch- 
free. A fourth series of ten samples was cut from a piece of naturally 
starch-free oak sapwood. Two pairs (Nos. 1 and 2, 3 and 4) from ea(‘h 
series were exposed separately in glass-topped tins to attack by L. brun- 
neus, eight pairs of beetles to each pair of samples. The remaining twenty- 
four samples (Nos. 5-10 of each series) were placed in a large tin in such 
a way that no two similar samples lay side by side, and thirty-six pairs 
of L. brumieus were added. Since the eggs of this species normally hatch 
in 8-9 days at room temperature, the samples were removed after 7 days 
and, if not cut up immediately, were exposed to a temperature of 
for 1 hour in order to kill all the eggs present. After this treatment the 
samples could be examined when desired. The number of eggs laid in 
each piece was determined by shaving away the wood with a razor and 
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counting the eggs, as they were exposed, with the aid of a binocular 
microscope. In addition to the eggs, the number of so-called “feeding 
marks” (Plate XVI, fig. 1) on the surface of each sample was recorded. 
These marks have been previously described by Fisher (lo) and are made 
by beetles gnawing short, narrow incisions on the surface of the wood: 
as shown later, they are not really “feeding” marks but more in the 
nature of “tasting” marks and, for want of a better term, will in future 
be referred to by this name. 

In Table V is given the number of eggs and tasting marks for each 
sample, with averages according to whether samples were exposed to 
attack in pairs or grouped together. 

Table V 


Detection of suitabiliti/ of wood by ovipositing Lyctus beetles 








Tasting marks 


Sample no. 

(MO 

\V(0 B\V( ) 

SF ( - ) 

C(+) 

w ( + ) 

BW(-) 

SF(-) 

J 

87 

78 

1 

3 

48 

45 

8 

1 

0 

:>4 

4f) 

17 

0 

33 

41 

4 

0 

a 

71 

39 


21 

42 

41 

3 

3 

4 

87 

9,') 

0 

56 

60 

55 

3 

15 

Averaije for 

74 8 

64 3 

5 8 

20 0 

45-8 

45 5 

4-5 

4-8 

samples in 
pairs 

T) 

101 

0 

I 

11 

52 

31 

9 

1 

0 

60 

0 

0 

1 

48 

21 

9 

3 

7 

lOo 

0 

0 

1 

46 

22 

10 

1 

8 

46 

4 

0 

0 

51 

20 

3 

4 


101 

lo 

0 

0 

55 

40 

8 

2 

10 

7r» 

2 

4 

0 

44 

18 

8 

3 

Average for 

81 3 

3 r> 

0-8 

•> ‘> 

49 3 

25-3 

7 8 

2 3 

grouped 

samples 

(’ untreated controls 

BVV^ extracted vsith water at 100"^ 
SF naturally atarch-free 

w 

F. ( O 
( ) 

extracted with water at (>0* 
containing starch. 

-starch -free. 



If w^e consider first the number of eggs laid in the various samples, we 
find that for samples 1-4 there is no significant difference between the 
means of the C and W series, whereas the means of the BW and SF 
series are considerably lower. It is evident from these figures that, when 
beetles are restricted in their choice of wood for oviposition, they will lay 
equally well in samples water-leached at 60° C. and in untreated controls, 
but are disinclined to lay in the boiled and naturally starch-free samples. 
The values obtained for the two pairs of SF samples are greatly divergent, 
and this can be accounted for only in the same way as the variation 
encountered in the extraction experiments (see p. 390). Where the beetles 
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were given a choice of twenty-four samples the number of eggs laid in 
the controls was large as before, but in the W, BW, and SF series was 
very small. The beetles can evidently determine before oviposition whether 
or not wood is suitable and, since the samples were similar but for their 
food value to larvae, this food value must be the factor governing the 
number of eggs laid in the various samples. It is very interesting to note 
that, whereas beetles will lay eggs freely when confined on wood extracted 
with water at 60° C., they tend to lay very few eggs in such wood when 
untreated samples are offered as an alternative. Boiling the wood in 
water removes some substance which must be present if normal oviposition 
is to take place, with the result that extremely few eggs are laid in BW 
samples whether exposed to the beetles alone or in com bi nation with others. 

Tasting marks show, in general, a distribution among the samples 
similar to that of the eggs. For samples exposed in pairs the average 
number of marks on C and W samples is high, whereas for BW and SF 
it is relatively very small. In the experiment with grouped samples the 
mean for the controls remains high and those for BW and SF relatively 
low, but the W mean assumes an intermediate value. The difference* 
between the means of the C and W series for samples 6 10 is statistically 
significant, however, so that there is a definite reduction in the number of 
tasting marks on W samples when exposed to attack along with controls. 

It is clear that there is some correlation between the number of tasting 
marks on a sample, the number of eggs laid therein, and the food value 
of the wood: it would seem, therefore, that the making of ta.sting marks is 
closely bound up with oviposition. Fisher (lo) has suggested that these 
marks are made by beetles gnawing off small particles of wood for food, 
and has shown that they are made by the females only ; this latter observa- 
tion I have confirmed. Numerous dissections of male and female beetles, 
however, have failed to disclose in the adult gut any material resembling 
wood and the excrement is always fluid. It must be concluded, therefore, 
that the marks are not made by beetles seeking nourishment. The method 
of oviposition by these beetles in their natural habitat in the forest is not 
known, but the possibility must be considered that the marks are made 
in order to open vessels to admit the ovipositor ; the nature of the marks, 
however, does not render it likely that they would be of much value for 
this purpose. Another possible explanation is that the marks are made 
by females to judge the nutritional value of the wood for larvae before 
egg-laying. Suitable wood usually shows numerous incisions, and it has 
been observed that a sample showing abundant starch at one end and 
little at the other has eggs and marks concentrated at the starchy end. 
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The fact that more marks are found on starchy than on starch-free wood, 
however, tends to contradict the assumption that the female tests the 
wood primarily hy means of these incisions, since it might reasonably be 
expected that, once a female has tested a sample which is suitable, 
oviposition would proceed without further marks being made, whereas 
unsuitable wood would be tested many times in the hopes of finding a part 
which contained the necessary food substances. Furthermore, it is quite 
clear from the occurrence of starch-free samples containing no eggs and 
showing few or no tasting marks, that the beetles are able to detect the 
unsuitability of the wood without making these marks. 

The facts can best be (‘xplained by assuming that the female beetles 
carry out a twofold chemotactic test to distinguish suitable from unsuit- 
able wood. The results given in Table V suggest that the primary test, in 
which tasting marks are not made, is to detect the presence of starch. If 
this primary test shows the wood to be starch-free no further test is 
normally made, but if the wood is starchy some of the specimen is pow- 
dered by the mandibles in order to confirm the presence of starch or to 
test for the presence or absence of other necessary food materials, e.g. 
water-soluble constituents, since substances in a finely divided form 
always smell or taste more strongly. The marks would, therefore, seem to 
be “tasting” or “gustatory” rather than “feeding” marks and to be 
made secondarily after the exercise of an “olfactory” sense. In the case 
of samples extracted with water at 60° C., some difference (presumably 
the lack of sugars) between these and the control samples can be de- 
tected, but is not sufficiently important to restrict egg-laying if no other 
wood is available: on the other hand, if control samples are present, 
almost all of the eggs are laid in these. 

A second set of experiments w^as undertaken to ascertain whether 
Lyctus beetles could appreciate differences in the amount of starch present 
in wood. The amount of starch was estimated as abundant, moderate, 
little or none by visual examination of the wood after treatment with 
iodine-potassium iodide solution (Plate XVI, fig. 2A-D). Four samples 
of each category were prepared from oak sapwood as before, and two of 
each type were exposed as a separate pair to infestation by six pairs of 
L. brunneus beetles. The remaining eight samples were mixed and ex- 
posed in a common vessel to twelve pairs of beetles. The numbers of 
eggs and tasting marks were counted and the results are shown in 
Table VI. It must be pointed out that only the starch content of the 
samples was estimated, and nothing is known of the amount of sugars and 
protein present. 



394 Food Relations of the Lyctus Powder-Post Beetles 

From numerous observations on the relation between intensity of 
Lyctm attack and amount of starch in wood made during the course of 
this work, it was assumed that the samples containing abundant or 
moderate quantities of starch would be suitable for larval development, 
whereas those classified as ‘‘ little ”or ‘'none’' would contain insufficient 
food for the larvae. This assumption is supported by the results given 
in Table VI, from which it will be seen that nearly all of the eggs were laid 

Table VI 

Detection by ovipositing Lyctus beetb^s of differences in the amount 
of starch in wood 




Number of 

Number of 

Sample no. 

Amount of starch 


tasting marks 

lA 

Abundant 

1(H) 

48 

IB 

Moderate 

85 

47 

2A 

40 

40 

2B 


r>r» 

:>i 

3A 

Little 

3 

18 

3B 


5 

.■) 

4A 

None 

•> 

•) 

4B 


12 

10 

oA 

Abumlant 

154 

47 

5B 

Moderate 

1«4 

60 

5C 

2.') 

28 

5D 


27 

60 

5E 

Little 

0 

3 

5F 


.3 

2 

5G 

None 

0 

0 

oH 

,, 

{) 

0 


in the samples of the first two categories. It is evident, moreover, that 
beetles can not only differentiate between samples suitable or unsuitablt* 
for larval development, but also appreciate differences in tlie starch 
content of suitable samples and lay most of their eggs in those samples 
which contain the most starch. 

Reference to the tasting marks on the samples again shows that the 
number of these incisions is roughly correlated both with the food value of 
the wood and the number of eggs found, but gives no indication of the 
ability of the beetles to detect differences in the starch content of suitable 
samples. 

The work so far carried out has not been sufficient to elucidate the 
exact significance of the tasting marks of Lyctus beetles in determining 
the nutritional value of wood. There can be little doubt that they are 
connected with the testing of the wood for food value, but they are not 
the primary test. In an attempt to gain more information on this primary 
test, some experiments have been undertaken in which various structures, 
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e.g. maxillary palps, antennal club, etc., which might bear the chemo- 
tactic organs in the female beetle, were amputated. The beetles were 
then placed on samples of oak sapwood containing abundant or no 
starch and, after a given period, the number of eggs and tasting marks 
counted as before. The results, however, were inconclusive. 

Starch in timber 

The starch content of living trees varies very much from species to 
species and according to the season of the year. Bu8gen(4) has classified 
trees into two groups according to whether their reserve food materials 
are mainly in the form of starch or fat. In the starch trees, the starch 
grains occur either singly or in aggregates in the cells of the medullary 
rays and xylem parenchyma, and Haberlandt(i3) has estimated that for 
many hardwoods the starch-bearing tissues form from 20 to 30 per cent, 
of the total volume of the sapwood. According to Schorger(29) the 
amount of starch does not usually exceed 3 per cent., but up to 5-9 per 
cent, has been recorded for elm. Mansour and Man8our-Bek(22) quote 
various authors to show that the starch content of diiferent woods varies 
from 0 to b-O j)er cent, and the sugar content (calculated as glucose) from 
0 to 6-2 per cent. The carbohydrates present as cell contents probably 
average 3 6 per cent. 

Starch is generally at a maximum in the woo<l in the late autumn soon 
after the fall of the leaves and at a minimum in the early spring imme- 
diately following the opening of the buds. Normally it is confined to the 
sapwood, but in some tropical timbers, e.g. Triplochiton sclerojrghn 
K. Schum. (Sterculiaceae), (juantities of starch have been found in the 
heartwood as well as in the sapwood. Owing to the discontinuous distri- 
bution, no method has lieen found for determination of the amount of 
starch present <'xcept by visual estimation, following surface application 
of iodine-potassium iodide solution, on an arbitrary scale based upon 
the experience of numerous observations (Plate XVI, fig. 2A-D). Wood 
chemists («) have, so far, relied upon methods involving hydrolysis of the 
starch and subsequent estimation of the amoimt of glucose produced or 
extraction of the starch and gravimetric determination, but such proce- 
dures have the disadvantage that they necessitate destruction of all or 
part of the sample, and require a considerable time to complete one 
experiment, A simple, rapid and covenient means of determining the 
starch content of wood samples of small size would be very helpful, 
particularly in relation to work on the immunity starch level for Lyctus. 
“Immunity starch level” is a term used by Wilson to indicate the 
Ann. Biol, xxiu 26 
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amount of starch in wood which is just insufficient for the needs of Lyctus 
larvae. The determination of the immunity level, however, is complicated 
by the fact that the life cycle of Lyctus has been prolonged to two years, 
instead of the normal one, when wood containing a relatively small 
quantity of starch was exposed to attack : it may be possible to extend the 
period of development even beyond this. 

Wilson has shown that the starch distribution in sawn timber of 
commercial sizes may be very irregular, and several cases of extraordinary 
distribution have come to light during the course of the present investi- 
gation. A good instance is illustrated in Plato XVI, fig. li, where a portion 
of starch-bearing tissue has been occluded in the normal heartwood of oak 
and shows severe attack by Lyctus: this sample is exceptional in the 
extreme irregularity of its starch distribution. In many cases it is quite 
possible to form an opinion of the probable susceptibility of boards, etc., 
to attack by treating a few small newly cut areas with iodine solution. 
It is essential that the surface tested (preferably oi)liquely radial) should 
be smooth and clean, as a rough or dirty surface* is liable to give a wrong 
impression of the amount of starch present. It must be borne in mind 
that, although one part of a specimen contains a certain amount of 
starch, the remainder will not necessarily contain starch to a similar 
degree. 

It is a matter of great economic importance that Lycius beetles will 
not normally lay more than an occasional egg in starch-fn*e timber and 
that larvae hat<jhing from such eggs cannot find nourishment and soon 
die, because removal of the starch affords a means of protecting susceptible 
timbers against Lycius damage. The connection between starch content 
and borer attack (Anobium, Lycius) in wood was first suggested by Mer 
(23,24), who showed that timber could be rendered starch-free by certain 
methods of barking, girdling or topping the standing tree* during spring 
and felling the following autumn. He also stated that starch could be 
caused to disappear from newly felled logs if they were left on the ground 
for a few months before conversion. The risk of fungal decay is consider- 
able, however, with the last method, but he suggested that this difficulty 
could be overcome by storing the logs on skids under cover in well- 
ventilated premises. The disappearance of starch from newly felled 
timber has been confiurmed by Wilson (3ft) and by the writer, who found 
that Mer’s suggestion with regard to the method of storage renders the 
timber much less bable to fungal decay, especially if the ends of the logs 
are creosoted and tarred immediately after felling. Mer's results, how- 
ever, need further investigation before they can be applied on a com- 
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mcrcial scale. On the other hand, it may be possible, by some means 
other than those already mentioned, to remove starch or to alter it so that 
it becomes no longer suitable for assimilation by Lyctus larvae. 

Discussion 

Wood may be considered to consist of skeletal substance and cell 
contents, and Campbell’s (r>,t») comparative analyses of the wood and 
frass have proved quik" definitely that Lyctus larvae are unable to alter 
any of the true skeletal constituents, but do cause a reduction in starch 
content. The work of Mer (23,2i) and Wilson (-35) has recently been confirmed 
with reference to many Australian hardwoods by Cummins and Wilson (7), 
who have shown that, in a timber store generally infested with Lyctus, 
active attack was present only in those boards the sapwood of which 
contained more than a “trace” of starch. A similar result was obtained 
when numerous Ayr/i/^-infested specimens of timber from the insectaries 
at Princes Risborough were examined for starch content. 

As wood extracted with ether or alcohol is suitable for larval develop- 
ment, it is evident that Lyctus does not depend upon fats and oils in the 
wood for food. The substances present in the 00° C. water extract of oak 
sapwood have not yet been investigated, but it would seem from the 
results of the artificial feeding expi'riinents that soluble sugars are likely 
to be the most important constituents. If it is only the lack of sugars, 
however, whicli retards the larval growth and causes such heavy mortality 
of young larvae, it is difficult to understand why the larvae should not 
develop more or less normally in wat-er-extracted samples in which a 
plentiful supply of carbohydrate is present in the form of starch, since 
this starch must lie hydrolysed to soluble sugars before the gut can 
absorb it. Some other essential factor, perhaps in the nature of a vitamin, 
may also be removed by the water. 

In the past it has often been stated that one of the main problems 
connected with wood feeding is to account for the way in which the 
insects obtain a sufficient supply of nitrogen. Hawley and Wise(i4) state 
that wood usually contains less than 0*3 per cent, of nitrogen. If we 
assume that 0-2 per cent, is a reasonable figure, this is equivalent to 
1*25 per cent, of protein, so that the carbohydrate : protein ratio for wood 
is about 3-3 : 1. For comparison, the carbohydrate' : (cell content) protein 
ratio for the normal 3(X)0 calories basic diet for man is 4:1, so that 
Lyctus larvae might be expected to obtain their nitrogen supply without 
difficulty directly from the wood, a view w'hich has also been advanced by 
Ripper (27) and Mansour and Mansour-Bekc-S). 


26-2 
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With reference to the presence of proteolytic ferments, it may be said 
that pepsin, although tested for, would hardly be expected to occur in the 
gut of a xylophagoua insect, since Biedermann (i) has shown that the 
proteins of plant plasma are not digested by this ferment. Trypsin, on the 
other hand, actively attacks plant proteins, unless they are protected 
by alcohol-soluble lipoid substances. Although the photographic plate 
method gives no information upon the type of protein enzyme present in 
the larval gut of Lyc/w.s, it would seem from the action of the ferment 
upon the gelatin, somewhat hardened by sodium metabisulphite in the 
fixing solution, that it has an action similar to trypsin. 

Work on the subject of the food relations of the Lf/cUis powder-post 
beetles is being continued in an effort to establish a practical method or 
methods of rendering susceptible timl>ers immune from attack by re- 
ducing the nutritive value of the cell contents of the sap wood. 


Summary 

1. The histology of the larval gut of Lycin.s is described : owing to the 
absence of salivary glands and caeca, the digestive juices must be secreted 
by the midgut with doubtful contribution from the hindgut. 

2. The mycetomes contain organisms whic h are apparently not sym- 
biotic in relation to digestion. 

3. The skeletal substance of wood passes through the larval gut 
unaltered, nourishment being derived from the cell contents. 

4. A substance, soluble in water at 60*^ (\, is necessary in oak sapwood 
for normal larval development. 

5. Larvae are unable to develop in wood from which starch is absent. 

6. Larvae living in wood containing relatively little starch may take 
two years to complete their development, instead of the normal one 
year. 

7. Enzymes capable of hydrolysing starch, maltose, sucrose, lactose 
and protein were detected in tissue suspensions of the gut and its 
contents. 

8. By feeding larvae on artificial diets it has been shown that starch, 
sugars and protein are necessary constituents of the larval food. Further- 
more, larvae have been reared to the imaginal stage on a substrate which 
contains no wood. 

9. The ability of the female beetles to determine the suitability of 
wood for larval development is demonstrated and the importance of the 
so-called “tasting” marks discussed. 
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10. An account is given of the occurrence of starch in timber and the 
difficulties involved in its estimation and removal from the wood. 
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EXPLANATION OF PLATE XVI 

Fig. 1. Tasting marks made by female Lyctus beetles on surface of oak sapwood. ( x 3.) 
Fig. 2. Obliquely radial surfaces of oak sapwoocl after application of iodine test to show the 
amount of starch present. A, abundant: moderate; (\ little; D, none. ( x 16.) 

Fig. 3. Starch -bearing and Lyctus -MesteA tissue occluded in oak heartwood. The trans- 
verse surface of the specimen has been treated with iodine solution and shows the 
starchy tissue as a black area ( x !)• 
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STUDIES ON THE APHIDES INFESTING THE 
POTATO CROP 

V. LABORATORY EXPERIMENTS ON THE EFFECT OF WIND 
VELOCITY ON THE FLIOHT OF MYZUS PERSJCAE SULZ. 

By W. MALDWYN DAVIES, B.Sc., Ph.D. 

(V nivvraity (^allege (tf North Wahs, Bavgor) 

(With Plate XVII and 1 Text-fi|^ure) 

IjABoratory i*xperim(Tita have been arranged in order to ascertain, 
under controlled conditions, the reaction of winged aphides to the 
separate meteorological factors producecl artificially. Such studies will 
form a basis for the consideration of data which are now being obtained 
IV th(\fit^ld by means of a mechanical insect trap (Davies (r>)) erected near 
the meteorological station at the (Vdlege Farm, Aber. It will be possible 
by an examination of the aphides caught in this trap to correlate aphis 
migration with the several nudeorological factors, either separately or 
conjointly. The effect of variation in relative humidity upon the flight of 
Mifzus persirar has been studied in the laboratory and the results pre- 
sented in a previous pa|M*r ( Davies (4)). It was evident that high humidities 
definitely inhibit flight, and sindi evidence sugge.sted an explanation of the 
low aphis infestation on potatoes in the humid districts of South (’aernar- 
voiishire and Anglesey compared with the heavy infestations in the drier 
areas of Flintshire ( Davies (S)). 

Ceneralisations are common concerning the influence of prevailing 
wind, or high wiiuls, upon the migration of aphides and thus on the 
dissemination of virus iliseases by these insects. It is desirable, therefore, 
to have precise data oii the subject. The present paper deals with the 
results of experiments on the reaction of winged aphides to the wind 
factor produced artiiicially. 

Technique 

The apparatus used in these experiments can be described best by 
reference to Plate XVI 1, fig. 1. Wind was produced by means of a amall 
electric motor as used in the familiar ‘‘hair-drying machine’’ (J). 
Variation in the velocity of the wind was obtained by means of a 
rheostat (B) and an extra resistance in the form of a 60-watt electric 
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bulb (C). Some difficulty was experienced in accurately measuring the 
velocity of the wind. The Biram’s anemometer (E) which is generally 
used for measuring wind velocity was not applicable for a jet of air less 
than the diameter of its fan. Since, however, the reading of the anemo- 
meter would be less than the actual speed, this instrument was used as 
a check and the figure recorded regarded as a miraimum. The only satis- 
factory method which could be used in the present case was the “smoke 
method” generally adopted for measuring the slow movement of air 
currents. It involved inserting a cloud of smoke (produced by wax 
tapers) at the mouth of the machine and allowing the smoke to pass 
along a length of glass tubing, equal in diameter (2 in.) to the mouth of 
the machine, and then, by means of a stop-watch, measuring the tune 
taken for the smoke to travel a distance of 10 ft. along the tube. The wind 
velocity was checked at intervals throughout each series of experiments. 
Asa further record of the speed of the wind a “flame anemomet^'r” was 
placed at the exit of the experimental chamber ((/ ) so that the angle at 
which the flame was blown gave a reading, previously (‘alibrated, for tlR‘ 
wind velocity. The experimental chamber (G) consisted of a glass cylinder 
(8 in. long, 2 in. diameter) attached at the end of the longer length of 
tubing by plasticine and, across the exit, course mos(|uit() netting 
prevented the aphides from escaping. 

Since these experiments aimed at ascertaining the effect of wind velo- 
city when conditions were most favourable for flight, it was not necessary 
to control other factors, such as humidity, light and temperature, witli 
any degree of accuracy. It was only necessary to carry out the (*xperi- 
ments when conditions were most favourable and flight was more or less 
incessant. The dry air of the laboratory (below 45 per cent, relative 
humidity), a temperature above 70*^ F. and the light of -a 50()-watt lamp 
(F) were, in fact, ample to produce incessant flight. In all experiments, 
however, conditions were not regarded as optimum unless the 2r)-alate 
Myzus persicae placed in the experimental chamber gave a count of over 
120 flights per minute when no wind was passing through the experi- 
mental chamber. These “controls” were used as a check, simply by 
switching off the machine after each variation in wind velocity, and the 
number of flights in the absence of wind was thus frequently recorded. 

Results 

The results of the experiments are given in Text-fig. 1 . The number of 
flights for each minute period is plotted on the curve for each wind 
velocity. A series of ten separate minute records constitutes the curve 
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for each wind velocity. The results of the “controls” are given in the 
curve for 0 ni.p.h. wind velocity. The very marked effect of wind upon 
flight is quite obvious in Text-fig. 1 Flights ceased when a wind velocity 
of 3-75 ni.p.h. passed througli the experimental chamber. Even at 



Text -fig. 1. l{ate of Hights of Myzu^s pirsicai in varying wind velocities. 


2 m.p.h. the number of flights per minute dropped to an average of 25*2 
as compared with the average of 154-8 flights per minute when there was 
no wind. While there were no flights when the speed of the wind was 
above 3-75 m.p.h. the aphides continued, intermittently, to crawl, 
mainly against the wind, but when the velocity was increased to 6-8 m.p.h. 
the aphides ceased crawling and remained more or less stationary. When 
the wind velocity was increased to gale force of 20-30 m.p.h. the aphides 
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still remained on the smooth surface of the glass. It was surprising to 
find that even when the full force of the wind from the machine was passed 
through the experimental chamber the aphides remained on the glass 
with ease. The full force of the wind represented “hurricane” conditions, 
and the minimum record of the Biram’s anemometer registered 70 m.p.h. 
When the wind was stopped by switching off the motor, the aphides 
immediately took to the wing. 

Method of adherence of aphides during hkjh 

WIND VELOCITIES 

It was of interest to ascertain precisely how the winged aphides were 
able to adhere to the smooth surface of glass during the vriiids of high 
velocity. Live specimens were, therefore, placed under a large cover- 
slip, which was slightly raised from the microscopical slide by means of 
wax feet. The wind from the electric motor was then directed on to the 
slide and the aphides were observed, upsuh^-down, under th(* microscope' 
Plate XVII, fig. 2, is a photograph of an inverted live aphis adhering to 
the surface of the cover-slip in a wind of over 70 m.p.h. It was observed 
that there is a small membranous pad between the claws (mwk/z/c.s*) and 
another at the base of each tarsus.^ These pads are adpressed to the 
surface and each foot, alternately, is drawn very slowly towards the 
body. When a leg is completely withdrawn it is suddenly thrust out 
again and the pads adhere when the leg is fully extended; the process is 
then repeated. A photo-micrograph of the adlu'ring tarsus of a winged 
specimen during the “hurricane” conditions is seen in Plati* XVII, fig. Ik 
Since it is a time exposure the sharpness of the lateral outline indicates 
little side movement, whereas the fogged distal portion indicates the slow 
movement towards the body. 


Discussion 

The present experiments have demonstrated the reluctance' of winged 
Myzus fersicae to take to the wing when the velocity of the wind exceeds 
3-4 miles per hour. In other words, it is only when the wind velocity 
drops below this figure that the aphid expands its wings, rendering it 
buoyant, and prepares for flight. Only in such light breezes, therefore, 
can voluntary migration take place. So far as the problem of dissemina- 
tion of virus diseases is concerned, it will be the prevalence of opportuni- 
ties for this voluntary migration, when aphides can alight readily, take 

^ Possibly this is the elastic membrane referred to by Theobald in Britinh Aphtden 
(1926), I, 13. 
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to the wing with ease and pass from plant to plant, that will be primarily 
involved. 

In winds of high velocity (20-30 m.p.h. and over), when the aphides 
adhere tenaciously to the surface on which they stand, there is no 
attempt to expand tlieir wings. When, in the laboratory, they were pushed 
off with a needle in such high winds they were simply carried as inert 
bodies, tending to fall rather than rise. The incidence of such involuntary 
transportation in the field is being investigated. 

In reviewing the lit/crature on the subject of wind velocity and aphis 
migration it is surprising to find how vague and generalised are the 
statements concerning it. The term “wind” is applied ecjually to mere 
drifting air currents and to gales. In fact, no instance has been noted 
where the actual velocity of the wind has been measured during active 
aphis migration. The most recent work specifically designed U) a.scertain 
the relation between wind and aphis migration is that of Roney (ii) in 
America, when he considered the effe(‘t of wind distribution of winged 
R ho polos iph urn psruJohrassicae Davis (turnip aphis) on the infestation 
of truck crops. Traps were erected (do.se to plantings of truck crops and 
were placed in situations relative to the direction of the prevailing wind. 
It was found that the total catch (individual catches are not given) on the 
three traps placed on the lee side of the crops was almost six times as 
great as that on tlie three traps on the wind\\ard side. Whereas, at first, 
this would apjiear to prove a definite correlation between aphis migration 
and the direction of the prevailing wind such a generalisation does not 
necessarily follow. The “prevailing wind" will include winds of high 
velocities in w hich little or no aphis migration will take place so that it is 
only a fraction of the prevailing wdnd with which wo are concerned. It 
does not follow invariably that the direction of this fraction, namely that 
of the light breezes, is always the same as that of the prevailing wind. 
In the experiinentvS referred to there is no indication of the velocity of the 
wdnd concerntKl or the prevalence of winds favourable to aphis migration. 
In fact during three months of the year the catch, admittedly slight, on 
the traps on the lee side was actually less than on the windward side. 

Statements concerning an association between aphis migration and 
the direction of the prevailing wind are commonly met with, but it would 
seem, in view of the present series of experiments, that it is more 
important to know the precise nature of the prevailing wind, since both 
its velocity and the degree of humidity will affect aphis migration. 
Cognisance, however, must be taken of the statements that aphis 
migration occurs w^hen the wdnd is from a certain direction. For instance. 
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Ainslee(i), when referring to the serious outbreak of Toxoptera gramimim 
Rond, in 1926, states: ‘'As was the case in Kansas in 1907 it seems that 
these aphides rose into the air in Minnesota only when the wind was 
from the South.” Wadley(i2) also supports the view of distribution of 
this grain aphis by southerly winds. Maxson(J0, on the other hand, 
considers that in northern Colorado the beet aphis. Pemphigus betae 
Doane, is spread by westerly winds. The direction of the wind, in itself, 
would seem to be of little importance, but this correlation with <lirection, 
in different parts of the world, would suggest that such winds have 
certain factors in common. Tn North Wales, for instance, considerable 
migration of aphides lias been observed when easterly and south- 
easterly winds are blowing. In this case, the east winds during the months 
of migration are seldom more than light breezes of less than live miles 
per hour, and are invariably drier than the prevailing winds from tin* 
opposite direction. The fi(‘ld experiments referred to are designed to 
obtain data on the precise nature of the weatlu^r conditions during 
maximum aphis migration. 

It is generally held that "wind'' is responsible for long-distance 
transportation of winged aphides. For instance, wind is claimed to be 
responsible for the presence of aphides on the islands of Mem inert and 
Heligoland, some lb and 39 miles, respectividy, from the mainland 
(Borner(2)). Observations of Webst<*r and Philips (i.i) imiicate, also, that 
Toxoptera gramimim Rond, covered over 1(H) miles through the agtmcy 
of the wind. Wadley(i2) similarly explains the sudden appearance of 
migrants of the same species in Minnesota, .some 2(H) miles from the 
nearest source. But there is no data concerning the velocity of such 
winds. The only clear evidence of aphides actually observed in transit over 
long distances in ^'strong wind " is that of Elt/OUiS), when he described 
swarms of aphides (Delachius jna'oe (Walk)) being encounten‘d on the 
ice-cap of North-East Land, Hpitzbergen, suggesting transport ov er some 
860 miles from the nearest host plant (Picea oboinita) in the Kola Penin- 
sula. Although, clearly, a case of abortive colonisation, it would be of 
intere.st to know what w(‘r(* tlie conditions when tlu* aphides left their 
host plant. It seems unlikely that they would be blown off in swarms 
but rather that conditions on leaving their host plant favoured voluntary 
migration, and, subsequently, winds of high velocity transported them. 

It would appear, as th(* result of the present experiments, that light 
air currents and drifts will play a far more important part in normal 
migration than the prevailing winds so often credited wdth the spread 
of aphides. Convection, and other upward air currents, the physical 
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effects of streams, lakes and mountains upon these air drifts, as suggested 
by Felt (7), will need to be considered in the question of aphis migration 
from crop to crop. 

Summary 

The results are given of laboratory experiments on the effect of 
variation in wind velocity upon the flight of Myzus persicfu^ Sulz. 

When no wind passed through the experimental chamber, twenty- 
five winged aphides averaged 154-8 flights p(*r minute. The incidence of 
flight in a range of wind velocities is recorded. Low wind velocities had 
a marked influence on flight which ceased when the speed of the wind 
was increased to .‘V75 m.p.h. 

The aphides remained stationary on the glass surface of the chamber 
when high winds of 20 and 50 m.p.h. passed through the chamber and 
even wh(‘n the full force of the wind. e<|uivalent to a gale of 70 m.p.h., 
passfMl over thcmi tlie aphides adhered to th(‘ surface with ease. Micro- 
scopical ol>servation showed that the aphides possess a small membranous 
pad between each claw and another at the base of each tarsus; these are 
adpressed to the surface and facilitate adherence. 

The literature on the sulqect of the dissemination of aphides by wind 
is reviewed and the phenomenon of roluntarf/ migration as compared with 
inmhtntarg transportation is discusseil. 
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EXPLANATION OF PLATE XVII 

Fig. 1. Experimental apparatus. .4 , electric “hair-drying machine*’ used to produce wind; 
By rheostat inserted to produce variation in wind velocity; G, electric bulb (60 watt) as 
extra resistance; D, ammeter, to control current; A’, Biram’s anemometer; F, 500- 
watt lamp for lighting; Oy experimental chamber; //, whirling hygrometer. 

Fig. 2. Winged Myzus iH'rsicae adhering (upside-down) to surface of cover-slip during 
wind velocity of ov^er 70 m.p.h. x 30. 

Note. Adprossed tarsi. 

Fig. 3. Tarsus of winged Myzus jterstcae closely adpressod to cover-slip while adhering 
(upside-down) in wind of over 70 m.p.h. 

Note. Sharpness of lateral outline indicating little side movement. Also fogged 
distal portion indicating slow movement towards the body. > 370. 
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SOME NOTES ON THE BIOLOGY AND ECONOMICS 
OF SOME BRITISH CHAFERS 


By J. HAVELOCK FIDLER, B.A., Ph.D., F.R.E.S. 

{Late of EfUoinological Lahoratory, University of Reading) 

(With 2 Text-figures) 

Introduction 

Thk adult beetles of the subfamily Melolonthinae are usually known as 
chafers, may bugs or June beetles, while their larvae which are all soil 
inhabitants, are oft^n referred to as white grubs or rook worms. The 
subfamily contains some of the most important and well-known species 
of the Scarabaeidae, a family of beetles which has since ancient times 
been recognised as of great economic importance. Little work has, 
however, been done in this country on the biology of the Melolonthinae, 
although some papers have been published on the control measures 
adopted against them. On the Continent the biologj’ of Melal^mtha sp. 
has been studied extensively by Janke(l) and other authors, but, on the 
other hand, little seems to be known of the habits of mphimalluSy and the 
writer has been unable to find any account of the biology of Srrica \ in the 
British Isles, these two latter species are almost as important as MeUdovtha. 

A study, extending over two years, of the life history, habits and 
economics of AmphimaUos solstitMis L., the summer chafer, and 
Serica hninnra L., the brown chafer, was therefore undertaken with a 
view to comparison wdth the accounts of Mehlontha nudolanlha L., the 
common cockchafer, as given on the Continent and in this country. Some 
notes on the other species of the subfamily are also appended. 

A. Economics 
( 1 ) Crops attacked 

The damage done to crops by chafer larvae is almost entirely restricted 
to those parts of the plant which are below the soil surface. Smea has, 
however, been known to attack the stems of young plants just above this 
level, and the writer has noted, when feeding very young (first year) 
larvae of AmphimaUus on cabbage seedlings about 1 in. high, that the 
larvae did not feed on the roots but emerged from the soil and attacked 



410 Notes on Biology and Economics of British Chafers 

the stems. These stems were usually ringed just above the soil, and in 
collapsing gave an appearance very similar to “ damping off ” of seedlings. 
This habit of girdling stems or roots, especially of young trees, is said to 
be typical of Amphimallus and Serica^ whereas Meloloniha generally 
bites right through the plant. 

The more usual damage to plants is the removal of the side roots, and 
in badly infested areas where there is only a sparse vegetation Meloloniha 
will destroy all the roots. The writer has observed wilted plants which 
were found to have only a short stem embedded in the soil, entirely 
lacking in roots, and near which one or more chafer larvae were dis- 
covered in the soil. In grassland these larvae usually eat all the roots at 
a given level from 2 to 4 in. below the surface. In severe infestations, the 
grass dies and can be rolled off like turf ; early stages of such an attack 
may be recognised by the sponginess of the turf underfoot. 

Records of crops damaged by chafer larvae are given in Table I. 
They are taken mostly from the Monthly Suynimries of Plant Pests and 
Diseases in England and WaleSy issued by the Ministry of Agriculture and 
Fisheries; but other reports of damage done by chafers in Britain, which 
have come into the writer’s hands, have also been included. The figures 
show the number of records during the years 1914-34. 

Table I 

Crops attacked by chafer larvae 


Crop 

Meloloniha 

AmphimalluM 

Senca 

Brassicae 

7 

1 


Cereals 

5 


- 

Clover 


1 


Garden crops 

7 

2 


Grassland 

10 

7 

4 

Mangels, turnips 

2 

I 

- 

Orchards 

3 

1 

_ 

Potatoes 

12 

1 

1 

Pyrethrum 

1 

3 

1 

R^s 

4 



Strawberries 

18 

- 

-- 

Sugar beet 

4 

- 

1 

Tree seedlings 

4 

2 

8 

Miscellaneous 

3 

4 

4 


ToUl 80 

23 

10 


It will be seen that the total number of reports of MeUdofitha far 
exceeds those of either of the other two species. Reports of the occurrence 
of Serica were confined to the last 6 or 6 years only, while those of 
AmphimaUus go back about 16 or 20 years. Records of Meloloniha doing 
damage, on the other hand, cover a considerable period, both Curtis (i) 
and Ormerod(8) recording it as a pest between 60 and 100 years ago. The 
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lack of records of Serica and Amphimallus is unlikely to be due to these 
species having become pests only during the last few years, but is probably 
accounted for by their larvae having been confused with the young stages 
of Melolontha and the damage thus assigned to this species. 

It will be noticed from Table I how extremely varied are the types of 
plants devoured, there being in fact very few crops which the grubs are 
known to avoid. Zimmerniaun(ii) records that poppies, although con- 
sumed by the larvae if there is not alternative food, are poisonous to 
them; and the writer has found that Sweet William {DiatUhus) is not 
usually damaged even in soil heavily infested with Melolontha. Similarly 
mustard does not seem to be very favoured by chafers. The larvae of 
Melolontha are commonly reported infesting sugar-beet crops on the 
Continent, and it is of interest that this has not often been noted in this 
country. Various authors state that in their early stages chafer larvae feed 
almost entirely on humus. The writer has. however, been unable to find any 
evidence for this, and, on the contrary, these stages have been observed to 
feed readily in captivity on young cabbage and grass seedlings. 

The damage caused by swarms of adult beetles eating the leaves and 
dowers of crops is not large in this country. On the Continent severe 
damage is caused to woodland plants. In the British Isles, although 
some losses on this type of crop have been recorded, the beetles are more 
injurious to fruit trees, but they do not .seem to attack pears and usually 
avoid lime and Robinia, On the Continent MeJolontlia is said to have 
preferences for oak, but occurs on chestnut, cherry, plum, maple, larch, 
withy, alder and apple. M. melolontha prefers alder and walnut and 
M. hippocastani mountain ash. It will thus be seen that the preferences 
on the whole are for fresh juicy leaves as opposed to the harder varieties. 

(2) Distribution 

The occurrence of chafers throughout the British Isles is determined 
by two main groups of factors. The first of these groups comprises the 
physical and chemical nature cd the soil and the type of ground vegetation 
and is considered here under the heading of ‘"Habitat". If there is a 
suitable habitat present in a given area, it is also necessary that the 
second group of factors making up the external environment, chiefly the 
prevailing meteorological conditions, should be favourable; these will be 
discussed under the heading of “Locality”. 

Habitat. It is extremely difficult to define in any detail the nature of 
the habitat in which chafers usually occur, but there seem to be certain 
preferences for each species. As far as soil conditions go, there is a 

Ann. Biol, xxiii 27 
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general preference shown by all chafer species for light, dry and sandy 
soils. This is possibly due to the fact that high percentages of humidity 
tend to favour the development of fungoid and bacterial diseases; and 
since the larvae are soft and fleshy, they may encounter some difficulty 
in moving through heavier soils. This last theory is supported by the fact 
that Melolontha larvae, which are the largest and strongest of the three 
genera under consideration, are often found in soils which are far heavier 
than those preferred by the others. M, hippocastani is nevertheless said 
to favour a soil rather sandier than that in which M, melolontha usually 
occurs. Normally light-coloured soils are more favoured than darker 
forms, and where both occur together much lower numbers of larvae will 
be found in the latter. 

As to ground vegetation, the species seem to differ widely in their 
preferences. The factors which control these are apparently the proximity 
of adult and larval food plants, and the presence of a ground vegetation 
which will give suitable conditions of temperature and humidity in the 
soil, and also be favourable for oviposition. Both species of Melolontha 
prefer ground near such trees as oak and pine, but M. melolontha usually 
occupies more open ground covered with rough grass and a few scattered 
trees or in the proximity of a wood. Serica is also usually found under 
trees, especially oaks, with a ground vegetation of mossy grass and 
bracken; it does, however, sometimes occur away from trees if such a 
ground vegetation is found near hedges. Both species of Amphimallns 
occur in soil unshaded by trees but covered with grass or rough vegetation. 

Locality, On studying a large area where climatic conditions are 
favourable to chafers, it is found that these beetles do not occur uniformly 
throughout, but at certain scattered points. The distribution is in fact 
what is known as local. This localisation is caused by two factors: firstly, 
the comparative scarcity of suitable habitats as described above; and 
secondly, the fact that adult chafers do not migrate from one area to 
another to more than a slight extent. The females of Meloloniha very 
seldom fly more than half to three-quarters of a mile from the larval 
habitat from which they emerged, and it is a characteristic of chafers as 
a whole to oviposit in the field in which they themselves developed. 
Therefore, even if neighbouring fields form perfectly suitable habitats, 
they may not be infested, or if they are, they may be occupied by a 
totally different flight of beetles. This is of importance in accounting for 
flight-years, as will be discussed later. 

The two main factors which appear to determine the distribution of 
chafers are temperature and humidity; barometric pressure is not known 
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to have any direct effect. Since these factors are of much more importance 
during the relatively long and sensitive larval period, it is soil tempera- 
tures and humidity which should be studied rather than air temperatures 
and rainfall. It is unfortunate that figures for soil humidity and to a 
lesser extent soil temperatures are not available, owing to the lack of 
suitable recording instruments. Figures for air temperatures are, how- 
ever, at hand for many years, and they have a marked bearing on the 
distribution of chafers. 

It is a common practice to compare distribution with the mean annual 
isotherms, but since chafer larvae hibernate in a comatose and insensitive 
state at a fairly low level in the soil, it is probable that the winter 
temperatures have little effect on them. Greater accuracy may therefore 
be obtained by using isotherms for the summer months between April and 
October, of which the mean July isotherms shown in Fig. 1 give a fairly 
representative idea. It will be noticed from Map I, which compares the 
distribution of M. nielolontha with that of M, hippocasiani, that the former 
occurs as a pest where the mean July temperature is above 15-5® C., but 
it has also been reported from localities where this figure is as low as 
14*5° C. A/, hippitvustanx , on the other hand, occupies localities in which 
the summer temperature is less than 15*5 but greater than 14*0° C. 
Figures are also available for the distribution of these two species on the 
Continent. Zweigelt (ii’) states that Melolofxtha sp. do not occur as pests 
in localities where the mean annual temperature is less than 12*5'^ C. 
Both species arc pests in Germany, France, Switzerland. Austria, Hun- 
gary, Jiigo-Slavia, Holland, Denmark and Russia, west of a line drawn 
from the Baltic to the Caucasian Provinces. The extreme limits are thus 
between the 12*5 and the 22 mean summer isotherms. 

In Map II the distributions of Amphimallus solstitialu and A, ochra- 
Ci’Hs are compared with the mean July isotherms. It will be seen that 
the former species occurs as a pest in localities where this temperature is 
above lb*5^ V. and occasionally where the temperature is below this but 
above 15*5\ A. ochraceus, which is a much rarer species, does not seem 
to occur in areas with a temperature below 15-0 or above 16*5^ C., except 
in one instance, namely, that reported by Joy ( 5 ) in 1904 at Streatley, 
Berks. Neither species seem to be known in Ireland. On the Continent, 
the distributions of these two species differ widely. While A, ochraceus 
is very local and occurs down the coast of France and Spain and on the 
north coast of the Meditermnean, A. sohtitialis does not seem to be known 
farther south than Switzerland, although it is plentiful in Russia and as 
far north as Sweden. 
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The reports of Serica are unfortunately a great deal fewer and conse- 
quently harder to classify. This species seems, however, to occur locally 
but fairly plentifully throughout England, except perhaps in the south- 
east; it has been reported several times as a pest in the Lowlands of 
Scotland and is a common pest in Ireland. On the Continent, it occurs 
more to the north and is plentiful in Sweden. 

Very much less is known about the effects of humidity on the distri- 
bution of chafers. This is partly due to the fact that soil humidity does 
not bear such a direct relationship to rainfall as soil temperatures do to 
air temperatures, being controlled by the type of soil and the ground 
vegetation present. Thus any small-scale isometric map sliowing soil 
humidities would be extremely difficult to plot and very complicated in 
appearance. It is, however, possible that the uneven distribution wdthin 
areas of e(jual summer temperatures may be partly caused by local 
differences in rainfall. Decoppet (2) has shown by observations over a long 
period in Switzerland that rainfall can have a marked effect on the 
periodicity of flight-years, and it thus seems that it probably affects the 
life history and distribution. 

Altitude has its effect on the distribution, probably connected wdth 
the fall in temperature with increase in height, rather than with the fall 
in barometric pressure. Tliis is supported by the evidence that the 
respect iv<* heights at which Melolo)ttha sp. cease to occur differ widely in 
different areas; thus in the Southern Alps the limit is 13(X) metres, in the 
Bavarian Alps r)()0 metres, while in Scotland M. hippocastahi does not 
appear to occur much above 450 metres. 

B, Biolo(;v 

As the larvae of chafer beetles are soil inhabitants, it i^ almost 
impossible to make close and continuous observations on them in their 
natural habitat. Moreover, the grubs are very liable to develop fungoid 
and bacterial diseases in captivity, especially in the autumn months, and 
they cannot be handled, since the least touch develops into a bruise and 
fatal mould ; also barely 20 min. of sunlight causes death. A detailed 
knowledge of the immature life history is thus very difficult to obtain. 

During the present studies, the larvae were placed in 2-3 oz. glass - 
topped tin boxes, filled with fine sandy soil. Since an earthen dug-out, 
as recommended by several American writers, was not available, these 
boxes were kept in a cellar facing north and east, which had a constant 
temperature of 12-0-14*5° C. and relative humidity of 78-80 per cent, in 
both summer and winter. These were not, however, found to be ideal 
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conditions, since they induced the larvae to commence hibernation rather 
early and to continue rather late, thus causing a lengthening of the larval 
sti^ge. The larvae were fed on seedlings of cabbage, grass and wheat. The 
results of these studies are summarised in Fig. 2. 

(1) Egg stage 

The eggs, which have been described elsewhere (3) by the writer, are 
usually laid in rather damp light soil, at a depth of about 4-5 in. in the 
case of Melolofitha, but at rather less than this with the other two species. 
A higher soil humidity is needed for the development of the eggs than is 
favoured by the older larvae which obtain some moisture from their food. 
Thus a sudden drought during the egg stage often proves fatal. The 
appearance of the eggs alters slightly during development; they lose their 
typical round whiteness and become rather elongated, one end being 
creamish. Just previous to hatching, one side of the egg becomes 
somewhat translucent and the embryo larva can be seen through the 
chorion, curled up on the other side. 

The length of the egg stage seems to be even more variable than that 
of the larvae. With Melolontha sp. on the Continent, the eggs are said to 
take 468 hours to develop. The wiiter has found, however, that at least 
under artificial conditions, the eggs of A/, jnelolovtha require up to 28 days, 
and different individuals of a batch laid simultaneously by a single female 
may vary a great deal, a week transpiring between the time of hatching 
of the first and last eggs. The egg stage of Am phi mull us is usually a little 
shorter; the time occupied in development may be only 18 days, though 
in artificial conditions it may be as much as 28 days. With Serica the egg 
stage covers an even shorter period, as is to be expected from its being 
a considerably smaller size. The first eggs begin to hatch after 15 days and 
all hatching is completed by the end of 22 days. 

Table II 


Length of egg stage (in days) 



Maximum 

Minimum 

Mean 

Melolontha melolontha 

28 

20 

2,5 

AmphtmaUue eolstitialiH 

28 

18 

23 

SfrKa brunnea 

22 

ir> 

17 


Although the length of the egg stage is probably affected by tempera- 
ture and humidity, there must be some other factor, possibly hereditary, 
to account for the differences in the individuals of a batch exposed to 
identical climatic conditions. It is thus only possible to estimate roughly 
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the period an egg will take to develop and to forecast the average time of 
hatching of a batch. 

There is, as stated elsewhere, no special ‘‘egg burster” on the young 
larvae of this subfamily, and hatching is apparently brought about by the 
embryo larva biting through the chorion with its mandibles. On hatching 
the larva is completely white and soft except for the tips of the mandibles, 
the usual colouring being assumed after a few hours. The chorion is 
usually, but not always, consumed, and the young larva is capable of 
living from 2 to 3 days without further nourishment. 

(2) Larval stage 

Length of development. In Continental countries, the length of the 
life history is more or less fixed according to the district. This period for 
Melolontha melolontha may be either 3, 4 or 5 years, but is always regular 
in any given district. Zweigelt(i2) maintains that these various times are 
due to differences in local temperatures, while Decoppet (2) and Schmidt (lO) 
hold that the length of the life history is fixed for all time by inheritance, 
there being several biological races each taking different times t^o develop: 
Decoppet admits, however, that rainfall may have some effwt. 

It has nevertheless been showm that M. melolontha can be bred out in 
as short a period as 18 months, and therefore the length of the life history 
must be variable. Any statement as to the length of the larval stage is 
useless unless some indication is given of the climatic conditions con- 
trolling it, and a study of the life history under artificial conditions will 
give little indication of the length of development in Nature, unless the 
local climatic conditions are also known: this subject is being treated more 
fully in a separate paper by the writer. It is, however, possible to obtain 
a fairly reliable estimate of the life history under natural conditions by 
comparing large numbers of specimens taken in the field wdth those 
stages which have been bred in the laboratory and studied under known 
conditions. Some results of such comparisons may be seen in f'ig. 1. In 
this diagram, the alternative and longer times taken by MeloUmiha 
melolontha and Amphimallus solstitialis were recorded in artificial condi- 
tions, namely, a temperature of 12*0-14-5° C. and humidity of 78 80 per 
cent. ; these probably represent more northerly climates than the natural 
conditions in which the shorter periods were observed, namely, in southern 
England. 

While the larval stages of Serica last for about 21 months, those of 
Melolontha meloUyntha vary between 32 and 37, and of Amphimallns 
solstitialis between 21 and 31 months. Variations beyond these limits are 
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not common, this beinp; apparently due to the occurrence of hibernation 
between October and March, and of a semi-dormant stage, which lasts 
up to 2 months, before pupation. During this latter period, the larvae 
gradually alter shape, becoming rather broader in the middle of the body 
and pointed at the caudal end, thus assuming the shape of the pupa which 
is forming beneath. This change does not take place during the time of 
hibernation, when presumably the temperature is too low to allow of 
active metabolism, and, if the larvae are not sufficiently developed in the 
autumn to start pupation at once in the spring, feeding is necessary 
before this 2-moiith period can be commenced. With A. solstitialis, which 
does not pupate until rather later in the summer, the hibernation period 
is reached if pupation is delayed appreciably, and this stage has to be 
postponed until the following spring. 

Continental writers state that the larvae of Melolontka hippocustani 
require a year longer to deveh)p than those of J/. niehlontha. Thus in 
districts where the latter species takes 3 years to develop, M. hippo- 
mstani takes 4 years, and 5 y(‘ars when* M. melolontka takes 4 years. 

A seasonal variation in relation to the soil temperature in the depth to 
which these larvae penetrate in the soil has been indicated in the works 
of McCollock and Hayes (T) and Mail (<*»), and is being dealt with by the 
writer in a .separat(‘ pap(‘r. 

lAirvitl ecdysis. The method used for determining the date and number 
of larval ecdyses was an application of Dyar’s law, since the discovery of 
the cast skins was considered too unreliable. The widths of the head 
capsules of fixed larvae were therefore measured, and it was found that 
tliere was a mean width for each instar of each species, and that although 
the individual m<*asurements varied slightly about this mean, as illus- 
trated in Table 11, there was no overlapping. There appeared to be no 
indication of two groups formed by male and female larvae. 

Table III 

}Vidth of head capsules of Serica bruimea (in mm.) 


First iusiar 

Mean 

1-23 

Maximum 

Minimum 

iSecond instar 

1-7U 

1-92 

\i\7 

Third instar 

2-35 

2 38 

2-31 

Fourth instar 

2-68 

2-92 

2-4G 


The method can be taken as giving fairly accurate results, and on 
applying it to the three species it was found that there were only three 
larval ecdyses in each, i.e. four larval instars. The mean \^ddths of the 
head capsules are given in Table IV. 
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Table IV 


Mean width of larval head capsules {in mm.) 



Melolontha 

Amphtmallus 

aolsUtialts 

Senca 


melolontha 

brunnca 

First instar 

21 

1-82 

1*23 

Second instar 

30 

2-44 

1-79 

Third instar 

4*0 

3*25 

2*35 

Fourth instar 

71 

4-40 

2*68 


Since this method of ascertaining the instar of a larva is only applicable 
to dead larvae, a series of measurements for any one specimen could not 
be obtained. The dates of ecdysis were therefore determined by fixing 
a number of specimens at frequent intervals and measuring their head 
capsules. This gave a very fair estimate of the mean time of ecdysis and 
was equally useful for both laboratory-bred specimens and those taken 
in the field, so that the periodicity of ecdysis in natural conditions could 
be obtained. 

Since the total length of the larval life history varies as a whole, it is 
to be expected that the length of the individual instars \\dll also vary. 
Fig. 2 illustrates that with all three species the first ecdysis usually takes 
place just before hibernation starts in the first year, i.e. the year of 
hatching; it may, however, in rare oases be postponed until the spring of 
the following year. With Melolontha melolo7itha. depending upon whether 
the individual larva is destined to take 3 or 4 years over development, the 
second and third ecdyses take place in the late summer or autumn of the 
second and third years respectively. With Amphiynalhis solstitialis, on 
on the other hand, the second and third ecdyses may both occur in the 
second year, but if the larv^a is due to take 3 years over development, the 
third ecdysis is usually postponed until the spring of the third year. 
Similarly with Serica hrunnea, although it has never been known during 
tte present study to take 3 years to develop, the third ecdysis is some- 
times postponed until the spring of the third year, i.e. until just before 
pupation. 

(3) Pupal stage 

As mentioned above, there is a distinct prepupal stage in the life 
history of chafer beetles. This is marked by the larva ceasing to feed and 
burrowing down into the soil to a depth which is fixed mainly by the type 
of soil and the prevailing conditions of temperature and humidity. The 
usual depth is about 6-8 in. for Serica and Amphirmllus, and about 
12-14 in. for Melolontha. This last species has, however, been recorded as 
pupating at a depth of 3 ft. or more. 
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The larvae form cells in the soil by pressing out the soil surrounding 
them into relatively hard packed walls. The hollow inside is more or less 
egg-shaped, and the larva rests in it curled up with its head uppermost. 
The prepupal stage usually lasts about 6 weeks with Melolontha, 4 with 
AmphimaUus and 3 with Serica, and as it proceeds, the larva takes on a 
shorter appearance, becoming broader in the middle of the body and 
pointed at the caudal end. At the termination of this period the larval 
skin splits down the dorsal side; the pupa may wriggle out or if undis- 
turbed remain in the old larval skin. The only movement of which the 
pupa seems capable is a flexing and unflexing of the abdomen which takes 
place if it is interfered with. 

The length of the pupal stage does not vary quite as much as do the 
other stages of the life history, and in no instance in the writer's know- 
ledge have any of tlie species under review hibernated as pupae. Fig. 2 
shows that the larvae of Miiolontha )nelolontha may pupate either in the 
spring or autumn of the fourth year. Those which pupate about March 
emerge as adults in May. but, if pupation is delayed until the following 
August, the adults whic h are formed after about 6-8 weeks’ pupation 
remain in their cells until the coming spring, thus making a 4-year cycle. 
With Amphimalhifi, on the other hand, as has been explained previously, 
hibernation commences if {)upation is delayed appreciably after June. 
Thus in the longer life cycle they hibernate as larv^ae and pupation, 
which lasts for 5 or 6 >Neeks, takes place early the following spring, the 
adults remaining in the soil until the usual time of emergence in July. 
With Serica, the time of pupation seems fairly fixed, starting early in 
June and lasting about 4 w(‘eks. 

(4) Adult stage 

U ibernatiou and fhght periml. As stated above, it is usual for the adults 
of most chafer species to cast the pupal skin at least some days and at the 
most the previous autumn before they emerge. The beetles are at first 
soft and colourless, and they remain in the pupal cell for a varpng time, 
gradually assuming a darker colour and becoming harder. As the weather 
becomes warmer and the date approaches at which the flight begins, the 
beetles dig their way towards the surface and then remain just below 
waiting for a suitably warm day to emerge. With Melolontha, the tempera- 
ture has to be about 20^ (\ ; with the other two species it is higher, since 
they appear later in the summer. Decoppet(2) states that the emergence 
of Melolontha is controlled by the sum of mean day temperatures after 
March 1, being about 355° C. In the south of England, according to the 
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observations of the writer, M. melolontha usually appears at the end of the 
first week in May, i,e, about May 7~10. Amphimallus solstitialis emerges 
at the beginning of July, and Serica about the 5th to 10th of that month. 
Melolontha hippocastani is said to appear about 10-14 days before 
M, melolontha. All these dates of emergence are nevertheless often as 
much as 7-10 days earlier if the weather conditions have been warm 
and dry. 

The adults of Amphimallus solstitialis take to wing at about 8.30 p.ni. 
and continue until dusk at 10 p.m. Melolo7)tha and Serica fly rather later, 
since swarming starts at sunset and continues until it is quite dark. It 
is probably for this reason that Amphimallus is less noticeably attracted 
to light than are the other two species which are often found swarming 
round lamp-posts or flying into lighted rooms. In the writer’s experience, 
far more males than females of Melolontha are attracted to light. Hopha 
and Amphimallus ochraceus differ from the rest of the Melolonthinae in 
that they fly in bright sunlight. 

After the first week of the flight, the females collect in large numbers 
on favourite twigs and bushes, night after night, the males meanwhile 
flying round and round. The flight does not, ho^\ever. extend over a 
distance greater than half to three-quarters of a mile, the beetles remaining 
in the same area year after year. Although swarms do not often attain 
large sizes in this country, they are very commcm on the Continent and 
are stated to be very difficult to stop or alter in direction once they liave 
started. If the beetles come into collision with anything, the elytra are 
closed and they fall to the ground. Flights do not oc cur on cold or windy 
evenings, and a period of sharp fro.st may drive the beetles back into the 
earth or kill large numbers of them. 

The beetles feed during the earlier part of the evening, swarjiiing over 
the branches of trees and bushes and consuming the leaves and blossom. 
Large swarms may completely defoliate a fruit tree. During the day and 
the latter part of the night, the beetles bury themselves in the soil or 
undergrowth or, as is the case with Melolontha, they cling to the high 
branches of the tree tops. From frequent burrow ing in the soil, the pubes- 
cence on the back of the two larger spec ies, especially with the femalcvS, 
soon becomes rubbed off. 

The sexes are usually stated to occur in equal numbers, at least at the 
beginning of the flight period, though later the females burrow into the 
soil to oviposit. In the writer’s experience, however, males definitely 
predominate, especially in the case of insects bred out in captivity. 
Decoppet(2) states that as the flight f)eriod continues, the average size of 
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Mehhntha adults gradually decreases, and he found that there were more 
individuals to a given volume of beetles collected. This he considers may 
be due to a predominance of males which are of very slightly smaller size. 
It is, however, possible that the adults which have been less well nourished 
in the larval state and are consequently smaller, emerge later. 

Pairing and oviposition. Pairing takes place from 3 to 7 days after 
the beetles have emerged from the soil, the males seeking out the females 
which are resting on branches in the tree tops and bushes, towards the 
end of the evening flight. Pairing usually lasts for about 3 hours, but the 
males may remain in position for several days if the weather is unfit for a 
further flight. Each female usually copulates two or three times, but 
Decoppet states that MehAoidha may pair up to five times. 

According to ScheidteriO) there are usually five immature eggs in 
each of the six egg tubes of the ovaries of females of M, ni^loloniha at the 
time of emergence. These eggs are slow to mature and about 2 3 weeks 
elapses before they are laid. The act of oviposition extends over 2 days, 
twenty to thirty eggs being laid. With this species, a second series is 
Uvsually laid, and the above wrik»r states that these eggs are more quickly 
matured than the previous batch, and that, although the same number 
are laid as in the first series, there are often three to five eggs left in the 
ovaries unlaid. The writer has found that for the most part AmphimaUus 
and Serica lay only one series of eggs, these being about twenty-five to 
thirty-five in number with the former species and twelve to twenty-five 
with the latter. They are laid 10-14 days after pairing, i.e. about three 
weeks after the beetles have emerged. 

For egg-laying, the females choose rather dry soil in a sunny situation 
and covered with rough vegetation such as grass. They tlig down into the 
soil and lay their eggs 3-5 in. below the surface in the case of the two 
smaller species, but rather deeper than this with Melolotitha. The eggs 
are usually scattered singly or in groups of two or three, though all of one 
series are witliiii a foot of each other unless the female is disturbed in tlie 
act of oviposition. Serica differs from the other species in laying its eggs 
together in small compact balls. 

Flight-years. It is well known that the adults of most chafers, and 
in particular Mehlontha sp., occur in much larger numbers in certain 
years, which recur with fixed regularity, than in the years between. The 
length of the cycle coincides with that of the developmental period for 
the locality in question, and in the year before (Vorflugjahr) and the year 
after {Nadiflngjahr), there is a slight increase above the intervening years, 
though the number are less than in the flight-year. This phenomenon 



424 Notes on Biology and Economics of British Chafers 

is very noticeable and occurs with great regularity in most European 
countries, but is much less well marked in the British Isles. In Germany, 
Russia and Switzerland these flight-years have been studied over long 
periods by a number of workers, but some difficulty has been found in 
explaining them. The fact that chafers take several years to develop does 
not in itself account for this cycle, since, as with other insects such as 
wireworms, we might expect to find three (or four according to the 
life cycle) broods of larvae in the soil together and adults appearing in 
large numbers every year, or at least irregularly according to the climatic 
conditions. 

The usual theory brought forward to account for this regularity is that 
the larvae of one brood devour any other younger larvae of successive 
broods which may be associated with them. Thus the hatching larvae are 
always in danger of extermination by older larvae; but when eggs are 
laid in large numbers, as they would be in the flight-year, there is much 
more chance of that brood survhing. This theory is supported by the 
evidence that the years of the flight-year may differ even in localities 
which are quite close together if the larvae are not in association with one 
another. There does not seem to be direct evidence that chafer larvae are 
cannibalistic, but the writer has noticed that with most species, and 
especially with Serica, they are very liable to attack one another, and if 
one member of a batch dies, its body, except for the hard head capsule, 
immediately disappears. 

This explanation is incomplete however, in that it does not account 
for the slight increase in numbers of the Vorflitge and Naehflvge. Two 
main theories have been brought forward to cover this, namely, those of 
Decoppet(2) and Schmidt (lO) on the one hand, and Zweigelt(i2) on the 
other. The two former writers, on the ground of several years' observation 
in Europe, maintain that the larvae are of different biological races of 
fiLxed developmental time, taking either 3, 4 or 5 years, and are unaffected 
by variations in temperature, although Decoppet admits that rainfall 
may have some affect. He says: “II §tablait (Raspail, 1891) au contraire 
que la g4n6ration de quatre ans a coincide avec trois ^t^s (1886-1888) 
particuli^rement secs, et la g4n4ration de trois ans qui suivent, avec deux 
ann6es humides.” 

Thus Decoppet and Schmidt assume that the beetles of the flight- 
year are of a different biological race from those of the Voffluge and 
Nachfluge, whose larvae take shorter and longer times respectively to 
develop. There is, however, absolutely no evidence to show that these 
biological races really exist, and, on the contrary, it has been shown, as 
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mentioned in the section dealing with larval development, that this 
period is definitely variable. 

Zweigelt, on the other hand, maintains that temperature is the 
controlling factor. He points out in support of this, that in districts where 
the mean annual temperature is 7° C., flight-years of Melolontha mdo- 
hntha occur every 4 years, while where it is 9° C. they are 3 years apart. 
If this temperature is 8° C., the larvae may take either 3 or 4 years to 
develop. Thus the Vorfluge and Nachjluge are caused by some of the larvae 
of the same brood as those of the flight-year coming under specially 
favourable or unfavourable conditions of temperature. In the opinion of 
most recent writers, this theory only falls short in that it does not accoimt 
for the influence of humidity which probably has an effect similar to that 
of temperature. 

The irregularity in the occurrence of flight-years of Mehhniha in the 
British Isles would thus appear to be due to the annual variations in the 
British climate. In support of this it is found on the Continent that in 
certain years w’hen the climate has been unusually erratic, the flight- 
year has been suddenly either a year late or a year early; it then returns 
to its usual cycle. Further, as an example of this irregularity in this 
country, the flight-year for Melolontha in the Forest of Dean w^as due 
according to the ordinary cycle t/O occur in 1935. but an immense flight 
took place in 1934, a year preceded by a very dry and warm summer 
and winter. 

Another point which may help to explain the absence of large and 
regular flight-years of Melolontha in the British Isles is the very marked 
difference in the weather of the spring on the Continent and in this 
country. Thus over large areas of the Continent the weather changes very 
rapidly from winter to spring, the temperature rising suddenly in a few 
days, conditions which no doubt tend to bring out all the Melolontha at 
about the same time and thus form a very marked flight. In England, on 
the other hand, the change is much more gradual. 

The flight-years of M, melolontha in southern England seem to recur 
roughly every 3 or 4 years, w’hile those of Amphnnallm, which are 
considerably less well marked, take place every 2 or 3 years. With Senca 
there is little indication of a flight-year, as is to be anticipated, since 
development occupies only 2 years. 
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Summary 

1. Adult chafer beetles do not usually occur in very extensive 
swarms in the British Isles, and their general importance lies in the 
characters of the larvae which are notable for their voracity and large 
size. Another factor of importance is the tendency towards concentration, 
large numbers of beetles often ovipositing in one field while neighbouring 
crops remain free. 

2. There are few crops which the larvae do not attack, but the damage 
done by the adult beetles in this country is not important. 

3. The distribution, which is local, is shown to be controlled by the 
sparseness of suitable habitats and by the prevailing conditions of 
temperature and humidity. 

4. The factors which control the varying lengths of the life cycle 
are also considered to be mainly temperature and humidity. Thus, 
although Serica always takes 2 years to develop, Amphinialhis sohtitialis 
may take either 2 or 3 and M. melokmtha 3 or 4 years, according to the 
conditions controlled by these two factors. 

5. Kegular flight-years are usual on the Continent, but are much less 
definite in the British Isles, and the numbers of beetles appearing are 
relatively small. It is suggested that the reason for this is the differences 
in climatic conditions, particularly in spring. 

The writer wishes to express his thanks to Mr W. E. H. Hudson, the 
Advisory Entomologist at Reading University, under whose kind 
supervision the work was carried out, and also to Mr J. M. B. Brown of 
the Forestry Commission, for generously supplying numerous specimens 
of Serica larvae and much information. 
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A SENSITIVE AND EASILY MADE WATER-COOLED 
DEW-POINT INDICATOR 

By E. C. STANLEY, A.R.C.S., B.Sc. 

{Imperial College Biological Field Station,, Slough, Bucks) 

(With 3 Text-figures) 

Originally designed for use in a constant humidity chamber, the ap- 
paratus to be described has proved so satisfactory that it is hoped that 
the following description of it may be found useful. 

Unless specially adapted, the instrument is not sufficiently portable 
for field work, but for general laboratory or biological work in breeding 
cages it possesses several advantages over the more conventional ether- 
cooled type. 

Not the least of these in biological work is the freedom from possible 
leakage of ether vapour, unsatisfactory sealing of the metal thimble 
to the glass tube of the ordinary bubbling type of instrument being a 
common source of trouble. Moreover, with the latter the temperatures 
registered by the thermometer at the appearance and disappearance of 
the dew film are quite widely divergent, the mean value being taken for 
an approximation to the true dew-point. 

With the water-cooled instrument to be described, it is possible to 
hold the temperature steady when the dew-point has been reached, and 
by slow adjustment of the cooling stream to get the temperatures of the 
appearance and disappearance of dew film very much closer together. 
The appearance of dew film may be observed visually, or by any of the 
more elaborate optical or photo-electric methods. 

The instrument itself consists of a small metal box, just large enough 
to accommodate the bulb of a good mercury thermometer, and the ends 
of narrow inlet and outlet pipes. One face of the box is replaced by a 
thin copper diaphragm, on the brightly plated outer surface of which the 
formation of dew is observed. The correct design of the inlet pipe is 
important. 

The cooling operation consists of drawing a slow stream of cold 
water through the instrument continuously by means of a small aspirator. 
Temperature is adjusted by mixing a variable proportion of water at 
room temperature with the cold stream. Freezing mixture may be used 
if very low humidities are to be measured, but a mixture of ice and water 
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suffices at normal room temperatures for humidities down to 35 per cent. 
(vide dew-point tables). 

In practice the rate of flow of the cold water is fixed by an initial 
adjustment of the “cold” valve, which may consist of a screw pinch-cock 
on thick- walled rubber tul)ing. The addition of water at room temperature 
must be adjusted by means of a good valve of some sort — either a pin 
valve or a tap with a tapered groove round its inner cone. If a good 
valve is used, the regulation of temperature will be found to be surprisingly 
easy and critical. The author uses a tapered tap which was onginally 
intended for an oxygen flow regulator, and finds no difficulty in holding 
the temperature of the dew-point box steady to 1/10° C. 



Fig l. The cooling «y8t«in. The Dewar flask mixer is drawn in section to show 
the arrangement of inlet and outlet pipes. 

To facilitate the adjustment of the rate of flow of both the cold and 
warm water, and to ensure proper mixing, a small unsilvered Dewar flask 
is included in the circuit. Into this is fitted a soft rubber bung through 
which pass four glass tubes. One projects to the bottom of the flask to 
suck the mixed water to the dew-point box. Two form the inlet of the 
cold and warm streams. They project about half an inch below the 
bung, and from them the two streams drip into the flask which is tilted 
slightly so that both streams fall on the side and run down mixed as a 
single stream. The fourth is a tap communicating with the air, the purpose 
of which is to enable any water which has collected at the bottom of the 
flask by back pressure when the aspirator is turned off, to be drained out on 
starting up. It is desirable to have as small a reservoir at the bottom of 
the flask as possible, otherwise an adjustment of the flow tap will take 
some time to alter the temperature in the dew-point box. 

The ice and water mixture may conveniently be sucked from a 
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Water-cooled Dew-point Indicator 

Thermos bottle through thick-walled rubber tubing. The tube connecting 
the Dewar flask with the inlet pipe of the dew-point box must also be 
thick-walled in order as far as possible to prevent gain in heat by con- 
duction from the air. 

The aspirator may take the form of a separating funnel, as when once 
filled it is replenished by the outlet from the dew-point box, incidentally 
providing a further indication of the total rate of flow. 



Fig. 2. Fig. 3. 

Fig. 2. Dew-point box completed. 

Fig. 3. Dew-point box before fitting diaphragm. Thermometer in position. Note the slit 
along the foot of the inlet pipe. 

The manufacture of the dew-point box presents no difficulties, pro- 
vided the ordinary workshop facilities are available, with the exception 
of the chromium plating of the diaphragm face. This plating costs about 
eighteen pence. 

A good thermometer graduated in tenths of a degree is advisable, and 
for the highest degree of accuracy should have been calibrated for a 
depth of immersion of 1 J in. 

The other materials required are as follows. 

The thermometer bush. A 1 in. length of fairly thin-walled copper or 
brass pipe, through which the bulb and part of the stem of the thermo- 
meter fit reasonably well. 



E. C. Stanley 


431 


Inlet and outlet pipes. Two lengths of narrow copper tubing of the type 
used in model engineering. An inside diameter of a little over a sixteenth 
of an inch is suitable. In the writer’s case it was found convenient to 
instal the instrument with the whole thermometer within a standard 
humidity chamber, and accordingly the inlet and outlet pipes were first 
cut about 6 in. longer than the overall length of the thermometer. If it 
is desired to instal the instrument with the stem of the thermometer 
projecting above the mounting bung, the pipes can be correspondingly 
shorter. In the latter case it must be borne in mind that it will be 
necessary to have a thermometer so calibrated that the zero mark will 
project well above the mounting bung. 

The diaphragm. A piece of thin copper sheet 2 in. square, as thin as 
consistent with rigidity when soldered on. About the thickness of good 
quality notepaper will be found satisfactory. 

The box. A piece of channel section brass of an internal width 
sufficient to accommodate the thermometer bush and the inlet and outlet 
pipes. Half an inch will probably be found sufficient. 

A 2|-in. length of this has the sides cut down so that the bush fits 
flush with the 8id<‘s. The sides are now further cut or filed down, starting 
I in, from one end, until the depth of the channel equals the diameter 
of the bush less the thickness of its wall. When the thermometer is pushed 
through the husli and the latter held in position in the channel brass to 
the extent of I in., the thermometer bulb should lie flush with the recessed 
part of the channel brass. If the diaphragm is placed on the channel 
brass, it will just touch the thermometer bulb. 

One of the thin copper pipes is bent sharply at one end to fit in the 
manner shown in the diagram. The end is closed by tapping over with a 
hammer or by solder, and a fine slit is filed along the side of the bent 
portion. The slit should be ^ in. long, and its area approximate to the 
bore of the pipe. It is an important refinement and materially assists the 
uniform distribution of temperature. 

The sides of the channel brass are cut away to an extent sufficient to 
enable the projecting bit of the back to be bent upwards and soldered to 
form the end of the box. 

The pipes are now fitted and bent in the manner shown, the whole 
being filled in with solder to the level of the end of the bush and outlet 
pipe. During this operation it is advisable to plug the end of the pipes to 
prevent solder from getting into them. After removing the plugs the 
diaphragm may be soldered on, first tinning it on the inner surface 
where the edges of the box meet it, but not elsewhere. 
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After trimming the diaphragm to project J in. on each side of the box 
and fitting a suitable length of wide-bore glass tubing to insulate as much 
as possible of the pipes, the instrument is ready for chromium plating. 
After this the thermometer can be fitted and held in place by a piece of 
rubber tube over the neck of the bush. 

The insulating glass tube can now be passed through the mounting 
bung, and after connecting the cooling apparatus the apparatus is ready 
for use. 

The operation is as follows. The thick- walled tube leading to the screw 
pinch-cock and cold inlet to the Dewar flask dips into a Thermos bottle 
containing the cold mixture. The tube leading to the fine adjustment 
valve dips into a vessel containing tap water. The outlet from the dew- 
point box is connected to the aspirator, which is filled and the tap turned 
on. The cold pinch-cock is screwed off, and the warm fine adjustment valve 
opened until the tap water is dripping into the Dewar flask at a speed 
of about six drops a second. When the apparatus is full of water and 
bubbles cease to pass into the aspirator, the cold valve is slowly opened 
until both streams drip into the Dewar flask at the speed of about four 
drops a second. The dew-point temperature is now controlled by the fine 
adjustment valve only. 

If the total rate of flow is kept as slow as possible consistent with the 
attainment of the dew-point temperature, it will be found that dew 
forms evenly all over the face of the diaphragm. Moreover, the cooling 
mixture lasts longer. If the cooling is too rapid, dew first forms in a 
patch opposite the slit in the inlet pipe, at the bottom of the box. With 
very little practice it is possible to attain and hold the dew-point tem- 
perature quickly and easily, the temperatures at which dew forms and 
disappears differing by not more than 0*5® C. 

As there is a continuous flow through the box, a thin diaphragm of 
high thermal conductivity, and the thermometer bulb in close approxi- 
mation to the diaphragm, the results should compare favourably with 
those given by accurate thermocouple measurement of the temperature of 
the diaphragm. 

In practice the instrument gives readings which are of more than 
adequate accuracy for most purposes, enabling the relative humidity to 
be read from the dew-point tables plotted to large scale, to well within 
1 per cent. 


{Received October 10, 1936) 
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PROCEEDINGS OF THE ASSOCIATION OF 
APPLIED BIOLOGISTS 

General Meeting of the Association of Applied Biologists held in the 
Botany Lecture Theatre of the Imperial College of Science and Tech- 
nology, South Kensington, London, on Friday, November 15, at 2.30 p.m. 
The President, Dr T. Goodey, in the Chair. 

The following papers were read on ‘‘Insect Population Studies’’. 

I. Insect Fluctuations: Population Studies in the Gall Midges (Cecido- 
rayidae). By H. F. Barnes, M.A., Ph.D. 

II. Fluctuations of Insect Populations: Field Observations. By A. 
Roebuck, N.D.A. 

I. INSECT FLUCTUATIONS: POPULATION STUDIES IN THE 
GALL MIDGES (CECIDOMYIDAE) 

By H. F. Babnks, M.A., Ph.D. 

{Entomology Department ^ Rothamsted Experimental Stalion, 

Harpenden, Herts. 

Introductory and methods 

These studies were designed in the tunst place to obtain quantitative data regarding 
the fluctuations in numbers of in8e<‘t posts in the field. This of necessity included the 
study of the variation in numbers of the pests' parasites as well as of the fluctuations 
in the numbers of the pests themselves. In addition the varying extent of damage or 
infestation of the crop was taken into account. Secondly, these studies were designed 
to indicate possible factors involved in these fluctuations. Broadly speaking, the main 
factors concerning which information was required were (a) biological, such as the role 
played by parasites, and (h) physical, such as the effect of weather conditions. 

The need for such a series of studies was emphasised by the tendency to draw a 
rather abrupt line of distinction between the phonological method of approach to the 
study of populations and the more academic study of populations under controlled 
conditions. What were and still are reeJly needed are sets of data concerning the 
fluctuations in numbers of the more important pests extending over a long period of 
time, comparable with the data one can obtain regarding the numbers of certain 
fur-bearing animals and certain game birds. These data also should be amenable to 
statistical treatment. In addition, the indication of possible factors controlling the 
fluctuations would be of great importance and help to laboratory workers. 

Six species of gall midges were chosen in 1927 for the initial studie^. This choice 
was chiefly a matter of convenience. It was decided to study each insect for a period 
of about 5 years and then to continue studying only those that were giving the beet 
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results. The gaps thus made were to be filled by substituting other well-known insect 
pests belonging to other orders. This stage in the work was reached in the spring of 
1934, and since that time other insects have been considered with a view to incorporat- 
ing them into the study. Difficulty, however, has been experienced in selecting other 
insect pests, because, strange as it may appear to some, there are so many obvious 
discrepancies in our knowledge concerning the exact biology of many of our common 
insect pests. It will be clear later how important a detailed knowledge of the biology 
is in such population studies, especially in deciding the beet time to sample and the 
kind of sample to tedce. In fact the methods to be adopted have their foundation on the 
biology of the insect in question. 

Parallel studies pursuing further the hints of possible factors involved in the 
fiuctuations were intended to accompany and to supplement the main investigation. 

TJjke gall midges chosen were as follows : Contarinia tritici Kirby and Sitodiplosih 
mosellana G^hin, the two wheat- blossom midges; Rhabdophaga heierobia H.Lw., the 
button-top midge of basket willows; DaayTteura alopecuri Reuter, one of the three 
midges known to prevent seed formation in meadow foxtail grass ; Dasynewra arabis 
Barnes, the Arabis midge; and Dasyneura pyri Bouch6, the leaf-curling pear midge. 

The methods adopted were briefly the collection and counting of the full-grown 
larvae from crop samples of known size. This provided figures for the infestation of the 
crop. Then the larvae were reared under as nearly natural conditions as possible. 
Subsequently the adult midges and their parasites emerged, thus giving the date of 
emergence and figures from which the degree of relative parasitism could be calculated. 
The relative parasitism is a term used to denote the proportion of parasites emerging 
compared with the corresponding number of host midges. Such figures give some idea 
of the potential insect attack after the turmoils and troubles of the periods of develop- 
ment, especially the winter, have been passed. An obvious elaboration of the investi- 
gation is the comparison of the parasitism at different stages in the development of the 
pest and the differential effect of conditions on the host and parasite. This is the type of 
parallel or subsidiary study one has attempted to carry on. 

The particular species of midges selected were of diverse nature as regards number 
of generations, position on the plant they attacked, whereabouts of the over- wintering 
larvae, and so on. In addition the samples of each midge were gathered fn^m different 
parts of the country. The wheat midges were collected on Broad balk field at Har- 
penden, the button-top midge from a commercial willow bed at Syston, near Lei<*est<*r, 
the meadow foxtail midge from near Aberdeen and the leaf-curling pear midge from 
a garden near Barnstaple in Devon. They were all reared at Rarpenden. It would have 
been better to collect and breed samples of each midge in several localities, but this 
was impracticable. Such a study as this should be carried out by a team of workers, 
but much of the labour entailed in collecting data is purely routine and consequently 
unattractive. Furthermore, few workers have sufficient leisure to do such long period 
studies. 


The data 

The results so far obtained are promising. The numbers of larvae of the two wheat- 
blossom midges present in 500 ears on Broadbalk since 1927 are shown in Table I. 

It is obvious that there have been large fluctuations in the numbm of larvae 
present. The extent of relative parasitism also has varied considerably. In the case 
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Table I 


Numbers of larvae of Contarinia tritici (A) and Sitodiplosis moBellana 
(B) preseni in 500 ears of wheat on Broadbalk, 1927-35 



1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

A 

1,780 

2,196 

19,265 

18,595 

19,273 

7,356 

1,511 

3,381 

4,289 

B 

716 

2,043 

687 

3,748 

6,027 

3,114 

319 

572 

4,221 


of Contarinia tritici the lowest figure has been about 10 per cent, and the highest be- 
tween 70 and 80 per cent. It has been suggested that more than 50 per cent, relative 
parasitism may be effective in reducing the midge population. The other wheat- 
blossom midge, Sitodiplosis inosellayia, has also varied both in numbers and in relative 
parasitism. The latter in this case has varied from 30 to 85 per cent. It has been 
suggested that more than 80 per cent, relative parasitism may be effective. The 
numbers of grains attacked shows similar fluctuations. Table II shows the percentage 
numbers of grains attacked. 


Table 11 

Percentage of grain attacked by the larvae, of Contarinia tritici {A ) and 
Sitodiplosis mosellana {B) on Broadbalk, 1927-36 




1927 

192H 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

A. 

Percentage lost grain, (\ 
irxtici 

0-95 

0-79 

5*9 

5-9 

6-4 

4-9 

0-7 

1-5 

2*1 

B. 

Percentage shrunken grain, 
S. mosellana 

2-2 

5-7 

1-8 

11-7 

150 

10-5 

1-4 

2*5 

180 


The larvae* of Contarinia trihri prevent the formation of a grain and live on an 
average about 9, 10 or 1 1 larvae |)er floret, the maximum number found being as 
many as 91. On the other hand, the larvae of Sitodiplosis mosellana cause shrunken 
grain and live on the average about 1 larvae per grain, the maximum number being 12. 
Whether the figures of grain attacked bear any relationship to the extent of damage 
IS a debatable point, since there may be a compensation before harvest or even a 
general loss of weight in grain throughout an attacked ear. 

If both specie's are considered together, one sees that the year 1927 was notable 
Ixx'ause of the low numbers of larvae as was also the year 1933. Further, a definite 
peak in population w'as rea<’he<^i in 1931 w'hen there were over 25,000 larvae present in 
the 600 ears of wheat. Taking advantage of the Ministry of Agriculture’s monthly 
Reports as to the prevalence of insect pests, which are based on eye observations by 
experienced entomologists, one was able to see three previous years w'hen the wheat 
midges were very abundant. These years were 1916, 1920 and 1926. Similarly there 
were other years when the midges were more scarce than usual. With this information 
a hypothetical curve of abundance was drawn covering the years 1916-2fl, and to this 
was added the curve obtained for the years 1927-32 inclusive by the direct counting 
method. One was then tempted to find a rhythmic fluctuation in numbers and predict 
in the autumn of 1932 that there would be another peak in numbers about the year 
1937. Fig. 1 shows the numbers of wheat- blossom midge larvae separately and 
oolleotively. In addition the relative parasitism of the two species is shown. It can 
be seen that the peak of parasitism lagged behind that of the numbers of midges, and 
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that now the numbers of both speoiee are increasing while the parasitism is reaching a 
low level. 

The numbers of button-top midges (Rhahdophaga heUrobia) and its parasites 
reared from 500 galls of the over- wintering generation show interesting fluctuations. 



Vfrj m ^ ^ ^ t9n'929»9N'9»'^K 

Fig. 1. 


Table III shows the average population of 500 galls in the years 1928-35. It is seen 
that in 1928, 1929, 1932 and 1933 the insect population was about 3000. This is taken 
to be the normal population that emerges in the spring from 500 galls. In contrast to 


Table III 

Average population of 500 gaUs of Rhabdophaga heterobia, 1928-36 


Year 

Midges 

Parasites 

Total 

insects 

Percentage 

relative 

parasitism 

1928 

1673 

1607 

3180 

51 

1929 

1235 

2204 

3439 

64 

1930 

341 

666 

897 

62 

1931 

840 

1323 

2163 

61 

1932 

1480 

1662 

3142 

52 

1933 

2810 

428 

3238 

13 

1934 

796 

633 

1429 

44 

1935 

234 

148 

382 

38 


this in 1930 only about 1000 insects emerged and in 1931 only about 2000. It has 
already been elided that this sudden drop in population was due to a drought in the 
summer of 1929. which resulted in a serious stunted growth of the willows the next 


ndolUc parasitism. 
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year. It was not till 1932 that the willows grew to their normal height, and similarly 
it required 2 years or about six generations for the insect population to get back to the 
normal 3000. Again, the summer of 1933 was exceptionally dry, as was also that of 
1934, the reduction of the insect population in 1934 and again in 1936 may be the 
reflection of these dry summers. The sudden drop in relative parasitism in 1933 and 
corresponding rise in numbers of midges may be due to a weather factor acting 
differentially on the host and parasite. A similar sudden increase in midges accom- 
panied by a fall in number of parasites ’^^as recorded in the study on Dasyneura 
cUopecuri, In this case eveiy generation of the insect was under investigation. The 
parasite, in the brood previous to this change in relative parasitism, had emerged 
slightly in advance of the host midge and so presumably were unable to pursue their 
normal attack on the midges' larvae. 

The studies on the foxtail, arable and leaf-curling pear midges were allowed to lapse 
after the initial study, but they each gave interesting results as can be gathered from 
the discussion. 


Discussion 

In discussing results such as these it is of importance to examine what periods 
during the life of the insec^ts in question are especially dangerous to the multiplication 
of the race. In other words, what are the odds on the insects reaching maturity when 
onoe they have recwjhed a definite point in their life cycle? 

For the sake of following this line of thought it is convenient to divide the life of 
the insect into four main periods, namely: that of emergence, that of egg laying, that 
of growth and lastly that of development. 

Period of emergence. 

Dealing with emergence, these studies have brought out several points. In the 
first instance, the time of emergence of the midges compared tvith that when the plant to he 
attached reaches the stage of growth necessary for optimum oviposition is important. In 
other words, the adjustment between plant and insect. For example, the wheat- 
blossom midges oviposit in the cars of the wheat as soon as the latter burst from their 
enveloping sheaths. The midges cannot lay their eggs before this takes place, and, in 
a<ldition, they live only about 24-48 hours. In 1933 an abnormally warm spacing 
followed a warm winter. The w heat ears burst from their sheaths 2 weeks earlier than 
normal, but the wheat midges emerged 3 weeks earlier than is usually the case. The 
result of this lack of exact adjustment of plant and insect was that probably the 
midges oviposited largely on their alternate host plants. But in any case the numbers 
of larvae subsequently found in the wheat ears showed a great drop when compared 
with those of the previous year. In 1932 there were 7366 larvae of Contarinia tritici 
compared with only 1611 in 1933; similarly in the case of Sitodiplosis moseUana the 
corresponding figtires were 3114 and 319. 

Secondly, the time of emergence of the midge compared with thai when the parasites 
emerge may cause a definite change in population. Normally the host midge will 
emerge before its parasites. But when studying Dasyneura alopecuri it was noticed 
that in 1928 the parasites emerged earlier than ususd in relation to when the midges 
emerged. In fact the crest of emergence of parasites was about 1 week in advance of 
that of the midges instead of about 3 weeks later as is normal. In this year 1688 
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midgefi and 970 parasites emerged from 100 heads of grass giving the relative parasi- 
tism of 38 per cent. The following year, 1929, 4748 midges and only 114 parasites 
emerged from the same sized sample. This gave the relative parasitism as 2*3 per cent. 
The great reduction in number of parasites and corresponding increase in midges were 
probably due to this change over in relative times of emergence of host insect and 
parasites. 

Thirdly, the sex ratio at the time of emergence must be considered. These studies have 
shown that there are definite sex ratiq^ at emergence for different species of gall 
midges. For example, when large numbers are considered, Contarinia merceri gives 
23 : 77, Daeyneura arabis 23 : 73, D. jpyri 39 : 61 and D. alopecuri, Contarinia tritici and 
Bhabdophaga heterobia 60 • 50. On the other hand, when isolated females of B. heterobia 
were allowed to oviposit and their progeny reared, it was discovered that they breed 
by means of unisexual families. This means that the progeny of one female are either 
all male, all female, mostly male with an occasional female, or mostly female with an 
occasional male. Further, it has been shown that the sex ratios of the different 
generations of Dasyneura arabis and D. pyri are different (Table IV). In D. arabis as 

Table IV 

Sex ratios of different generations of Dasyneura arabis and D. pyri 

Ist 2nd 3rd Over-wintering 

generation generation generation generations 

D. arabis 43:57 26:74 21:79 16:84 

D, pyri 32 : 68 36 : 64 38 : 62 47 : 53 

the season advances so the percentage of males decreases, i.e. the first generation of 
the year has the highest percentage of males, the second generation loss, the third 
generation less still and the over- wintering generations the least. In D. pyri the reverse 
is the case, as the season advances so the percentage of males increases. In this 
connection it is interesting to note that experiments have been carried out which 
prove that delayed mating in D, arabis tends to result in the production of more 
males than is usually the case. 

Besides these differences in sex ratios which are claimed to be the normal ones, 
examination of the data reveals that there have been two types of abnormal sex 
ratios. For instance, there has been an occasion when the sex ratio of D. alopecuri was 
26 ; 76 instead of the normal 50 : 60, and on another occasion the sex ratio of the over- 
wintering generations of D. arabis was 3 : 97 instead of the average 16 ; 84. This can 
be considered as an abnormality in the total or final sex ratio of the generation. The 
other type of abnormality has been in the proportion of the sexes emerging on indi- 
vidual days. In this case the alteration in sex ratio may be temporary only. Some 
evidence exists to show that in Bhabdophaga heterobia and Dasyneura alopecuri the 
females are more subject to non-lethal factors than the males as regards emergence 
but that the males are more sensitive to lethal ones. Heat and cold appear to act 
differentially on the sexes. 

Fourthly, the dates of emergence and number of generations are noteworthy. The 
constancy of the emergence periods of the over- wintering generations is remarkable. 
But in an early year more midges start to emerge earlier. These early emergences are 
not so regular in approaching the peak as are the later ones and are liable to be in- 
fluenced more by day to day changes in the factors effecting emergence. The view is 
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held that the larvae require a certain more or less fixed amount of temperature to 
develop from fully fed larvae into adults. When such amoimt of temperature has been 
made available, then under given favourable conditions from day to day emergences 
will take place. On the other hand, although favourable day to day conditions may 
occur before such amount of requisite temperature has been received, emergences will 
not occur. 

The number of generations also is remarkably constant. The chief effect of a warm 
season is to advance the emergence dates of the generations but not to increase their 
number. A further effect is an alteration in the proportion of the later generations which 
carry over to the next season. 

The egg-laying period. 

The next possible danger period is that of ovipoeition. The weather conditions 
prevailing immediately after the midges have emerged are important in this connection. 
Windy weather, for instance, can be very deleterious to successful oviposit ion in the 
case of the wheat-blossom midges. As the midges are so short lived two unfavourable 
days at the peak of the emergence period would cause a serious diminution in numbers 
of eggs laid. 

A second way in which the weather can effect the population at this stage is the 
effect it has on the relative speeds of plant growth and the insect egg development. An 
example of this is as follows. The midge Macrolahis corrugans F.Lw. very commonly 
attacks Heracleum Sphondylium, the common weed, cow-parsnip or hog weed. The 
white larvae are to be found in the galled leaves which remain crinkled and finally 
blacken. This same midge has been known to attack the cultivated parsnip in Kent 
in 1918, in Yorkshire in 1927 and near Edinburgh in 1932. It seemed curious that so 
common an insect should attack the cultivated parsnip so rarely if indeed it were the 
same species. Experiments proved that there was only one species of midge involved. 
Further, they demonstrated the fact that the leaves of cow-parsnip unfurled much 
slower than those of parsnip. The result was that, although the midges laid their 
eggs just as readily on both plants, the eggs laid on parsnip were very soon exposed on 
the opened leaf where both they and the very young larvae perished. On the other 
hand, those on cow-parsnip remained hidden in the crevices of the unopened leaves 
and so could develop. In cases where the conditions for plant growth of the parsnip 
were unfavourable, the speed at which the leaves uncurled was lowered and then 
there was a chance for the larvae of the midge to establish themselves on the parsnip 
leaves, unless the conditions which were disadvantageous to the plant were also 
deleterious to the development of the eggs. 

The grouih period. 

When once the larvae of gall midges have safely reached the stage when they are 
within their galls they are to some extent free from many dangers. However, they are 
dependent upon the plant for nourishment. If anything seriously affects their host 
plant, the midges are liable to suffer. Drought, for example, apparently has seriously 
affected the numbers of the button- top midge (Rhabdophaga heierchia) owing to there 
being a stoppage of growth and consequently a shortage of movement of sap within 
the plant. Such a calamity, however, affects the midges’ parasites as well as the midges 
themselves. 
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There is another less obvious danger to the insect population. When the conditions 
for insect growth are really favourable late in the season a larger proportion than 
normal of the last brood of the midges emerges the same year. Unless the period of 
plant growth is extended, which is frequently not the case in a hot year, the midges 
emerging so late in the yec^ cannot continue their race. If indeed they can oviposit 
safely the chances are that the larvae cannot complete the growth period either before 
the plant ceases to supply their needs or the weather precludes further development. 
In such oases it may be claimed that a warm and late summer can be of serious 
disadvantage to a midge population, as the late emergences would be biological waste. 
One species in particular seems to suffer in this way, t.s. the leaf-curling pear midge. 

The period of development. 

After the larvae have become fully grown there is either the pupal stage or the 
winter to pass as fully grown but undeveloped larvae. Often this period is spent in the 
soil. In attempting to rear such larvae one usually has been successful in breeding 
to the adult stage rather less than 50 per cent, of the larvae. On the other hand, one 
breeds well over 90 per cent, of the larvae which pass the winter in the plant galls. 
Whether this shows a lack in ability to rear the insects or that the soil is a dangerous 
medium for the larvae is open to question. But it seems likely that a certain number 
of the larvae in the soil would normally perish during the winter and also just at the 
emergence period of the adults in the spring. 

Finally, throughout these periods of emergence, oviposition, growth and develop- 
ment there is the danger from parasites and predators. One exceptionally interesting 
fact regarding parasitism of the leaf-curling pear midge has {arisen, namely, the pear 
midge develops at a quicker rate than the parasite Mieocydope marchali Kieffer. The 
result is that the first brood of the year escapes attack. In each of 3 years this brood 
was free from parasitism, and during this period each of the other broods was para- 
sitised. Dumbleton working on the seune midge and parcusite in New Zealand had 
similar results. 

Summing up, it is obvious that, broadly speaking, weather is the underlying set of 
factors controlling increases or decreases in gall-midge populations. The weather acts 
in three ways. Firstly, on the insects themselves, thus influencing the sex ratio at 
emergence, the dates of emergence, number of broods and the activity of the adults 
during the ovipositional period. Secondly, it acts on the insects through the plants. 
Examples of this are effect of drought periods, alterations in length of life cycle and 
the effect of lack of close adjustment between plant growth and insect development. 
Thirdly, the weather acts on the insects through their parasites. In this division one 
has given the example of the differential effect of weather on the length of life cycle 
of host and parasite. In addition there is some evidence to show that coldness and 
warmth acts differentially as regards its lethal qualities on host midge and parasite, 
as well as oiji the two sexes of the midges. 

In conclusion, accounts of this investigation on populations of gall midges have 
been published from time to time since 1932 in the Journal of Animal Ecology. Full 
references can be found there. The last of the five studies, as well as a general discussion 
of the whole investigation, has been published in that journal this month (November 
1935). 
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II. FLUCTUATIONS OF INSECT POPULATIONS: FIELD OBSERVATIONS 
By a. ROEBUCK, N.D.A. 

(Midland Agricultural College, Sutton Bonington, Loughborough, Derby) 

The possibility of great changes in numbers in various species of insects from year 
to year is well known to field entomologists. The difficulty is the measurement of 
populations. 

There is no standard method of sampling. It is almost necessary to work out a 
method for each species studied. In some cases egg counts are possible — this is the 
ideal method. In others larvae, pupae or adults have to be counted. In many cases a 
colony or nest is the best unit for mecwurement. The numbers of some species are best 
estimated by their effects on crops, e,g. destroyed tillers, damaged seeds, etc. Where 
there is more than one generation a year it is often impossible, owing to overlapping, 
to count each generation ^ When the life cycle extends over several years, it is often 
desirable to separate the successive generations. 

There is always the possibility of complication through the question of host 
plants. A Bpe<*ies with a single host plant is the most easily studied. Where there are 
several host plants, for various reasons, one or other may be preferred in any one 
season. When ^^dld plants are alternative hosts the difficulties are further increased. 

When a method* of sampling has been adopted there arises the greater problem of 
the area to he sampled. One would like to know the populations over the whole country, 
but being restricted to a province, in this case of five midland coimties, this becomes 
the maximum area for study. The local distribution of many species often further 
limits the area to be studied. The easiest to study are those species whose host plants 
are in restricted areas and are long lived plants, e.g, trees. 

A great difficulty with farm pests is that the crops change position yearly and the 
insects have, of necessity, to move also. Local migrations and large scale migrations 
may disturb results. There may be also special local concentrations of particular species. 

The ultimate aim is to estimate the summation of the various factors affecting the 
numbers — the various climate factors, parasites, predators, diseases, etc. 

In studying populations one finds two series of factors involved. Certain insects 
are scarce for years and then suddenly increase in numbers. What are the factors which 
produce these sudden irruptions? On the other hand many species are common and 
abundant for many seasons and suddenly become scarce. What are the factors which 
cause these rapid diminutions? 

The following species are given to represent both these types. 

Examples of sudden irruptions 

(1) Andrenafulva (lawn bee). 

In 1926 there were 163 nests on the lawns in our gaitlen in Leicestershire. In 1923, 
1924, 1926 and all subsequent years to 1936 the number of nests a year have been 0 to 
6. This is possibly not important. It may be a habit of this species to concentrate on 
a piece of ground in any one year and avoid that ground for many subsequent years. 

(2) Bleniwcampa puaiUa (leaf curling sawfly of the rose). 

In 1931 this species was abundant everywhere throughout the Midland Province. 
The number of individuals was enormous. In the years 1922-30 and 1932-6 it was 
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rare. Many species of sawflies hav^ this habit of periods of rarity suddenly broken by 
a period of extraordinary abundance. 

(3) Trochilium apiforme (hornet clearwing of the poplar). 

This is normally a rare species. In a large garden surrounded by poplars in Not- 
tinghamshire there appeared laige numbers in 1932. These were from eggs laid in 1930. 
They were not noticed previously. By counting the emergence holes the population 
was (in round numbers) : 

1932 600 

1933 1000 

1934 760 

1936 200 

A complication has arisen which will affect the insect. A number of the trees have 
alreckdy been cut down because of silver leaf attacks and quite a number of others are 
infected. 

The garden is quite isolated by built up areas and there is every reason to believe 
that the colony of insects is unaffected by outside influences. 

(4) Hyhmyia hrunneacens (carnation fly). 

This normally attacks carnations. The larvae are stem borers. An outbreak 
occurred near Leicester in the autumn of 1934 where the larvae were leaf miners in 
Sweet Williams (Dianthus barbatus), A number of adults were reared in the laboratory 
and puparia were collected in the garden, and from these more adults were reared. 
Over 100 adults of both sexes were supplied with more Sweet William plants but no 
eggs were laid. They have also disappeared from the garden. 

(6) PsyUiodes chrysocephaJa (cabbage stem flea beetle). 

This insect appeared in immense numbers in the cabbage plant growing district of 
the Cham wood Forest area of Leicestershire during the winter of 1934-6. Previously 
collectors have obtained specimens of the beetle in Leicestershire but it has not been 
a pest (since 1922). A field which should have cropped 3,000,000 plants had the crop 
completely ruined by the larvae. From counts made in April 1936 it was estimated 
that there could not have been less than 3,000,000 larvEie in the field. The total 
population on three other fields was estimated to be not less than 6,000,000. The adult 
beetles emerged in June. The whole attack, so far, is in a well defined area and it is 
hoped to study these insects further. 

Examples of more stable species 
(6) PhyUodecta vulgaiissina (blue willow beetle). 

This species is restricted to the Salix viminalis varieties. It was studied on an 
isolated block of willows about 4 miles north of Leicester on the banks of the River 
Soar, with check areas north and south of this block. 

The number of beetles increased in 1919 and 1920 so that it became a serious pest 
and skeletonised the crop in 1921 and subsequent years. The adults can be counted on 
the young shoots during the first week of June and the larvae about the middle of July. 
The graph shown was based on counts of adults, as the larval counts are not complete 
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for the series of years. Larval counts are roughly five times as large as the adult ones. 
The adults numbered ; 

In 1922, 13 per rod or 1,600,000 per acre. 

In 1923, 12 per rod or 1,600,000 per acre. 

In 1924-9, 8-12 per rod. 

In 1930, 7 per rod or 876,000 per acre. 

In 1931 and subsequent years it has been difficult to find individual specimens in the 
area. The larvae appear to have all perished during the wet weather in July 1930. 

(7) Paila rome (carrot fly). 

The results given apply to field crops on the east side of the valley of the River 
Trent, partly in Lindsey and partly in Notts. Of about 2600 acres grown over 1000 
acres are examined. This species has two generations a year. Larvae of the first 
generation are sampled at the beginning of July. Larvae of the second generation can 
sometimes be counted at the end of October but check counts should be made later, 
say January and March. 

The following are the larval counts: 

In 1926 (Ist gen.) 10 per sq. yard or 
1920 (Ist „ ) 8 

1927 (Ist „ )20 
„ (2nd „ )30 

1928 (1st ., ) 16 
„ (2nd „ ) 10 

1929 (Ist „ ) 12 
(2nd „ )30 

19:i0(lst ) 12 

1931 (Ist „ ) 60 
„ (2nd „ )40 

1932 (Ist „ )24 
,, (2nd „ ) 12 

1933 (2nd „ ) 8 

1934 (Ist „ ) 4 
„ (2nd „ ) 12 

1936 (1st „ ) 2 
„ (2nd ., ) 1 

(8) The chafer heeiles. 

Four species have been under observation in Lincolnshire and Nottinghamshire. 

They are very striking during “flight” periods. 

(a) Bhizotrogiis aolstitialis (summer chafer). The last recorded swarming or flight 
period was 1901 in Lincolnshire. It is on the whole a scarce species and has certainly 
been so since 1922. 

(b) Serica brunnea (brown chafer). This species swarmed in 1910 in North Lincoln- 
shire. Since then there have been few about. 

(c) Phylloperiha horiicola (garden chafer). This species has been studied in central 
Nottinghamshire, in the Sherwood Forest district where, at times, it is a serious pest 

Ann. Biol, xxra 29 
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to the grassland. The area of land specially kept under observation is approadmately 
40 sq. miles. The normal population of larvae sinoe 1928 has been 1 per sq. yard or 
6000 per acre (3 millions per sq. mile). In 1928 numbers greatly increased. The popula- 
tion in the bad portions average 9 per sq. ft. or 81 per sq. yard or 392,000 per acre or 
260 millions per sq. mile. By 1931 the numbers had increased to 12 per sq. ft. or 108 per 
sq. yard or 620,000 per acre or 320 millions per sq. mile. In places the numbers were 
24 per sq. ft. or over 1 million per acre. The area occupied by the very bad attacks was 
approximately 1/40 of the area studied. The graph shown was prepared by superim- 
posing the dense population on the normal and averaging this for the whole area. It 
will be noticed that the severe outbreaks lasted from 1928 to 1931. It is interesting 
also to note that the records of a farmer in the middle of the area showed that the 
same fields were attacked in 1898 and following years, that is 30 years previously. 

(d) Mdolontha wlgaria (cockchafer). Whereas the life cycle of PhyUopertha is 
completed in 1 year that of Meldontha appears to take 4 years in Nottinghamshire. 
The problem of abundance or scarcity is complicated in this species by the fact that 
the larvae are practically all of the same age in any one year. This results in the adults 
appearing in numbers one year and absent for the next 3 years. The population study, 
therefore, sinoe 1928 has virtually resolved itself into a life-cycle study. The area 
studied was a little north of the PhyUopertha district. Arable crops are commonly 
attacked. 1928 and 1932 were pest years, when the larvae were destructive (2-6 per 
sq. yard or 10,000 to 25,000 per acre). Smaller larvae were abundant in 1931 and 1936 
(4-8 per sq. yard = 20,000-40,000 per acre). 1930 and 1934 were flight years for the 
adults when eggs were laid. 1929 and 1933 were resting years. There is a small popula- 
tion which does not conform to this regular cycle. 

(9) Pegomyia hyoscyami var. heiae (mangold fly). 

This was studied on the Wolds in the north of Lincolnshire. Egg counts in May 
would seem to be the ideal method of estimating the numbers of this insect, but 
unfortunately they do not always seem to be laid on the seedlings. There are two or 
three overlapping generations which render larval counts uncertain of interpretation. 
An estimate of the numbers of this species have been obtained by the percentage loss 
of leaf surface in September. 

Experiments were made at the same time to find the loss of crop resulting from 
their attacks: 


A 60 per cent, defoliation at the end of May causes 21 per cent, loss of crop. 
A 50 per cent, defoliation in mid-September causes 5 per cent, loss of crop. 

The percentage of leaf surface lost was: 


1926 . 

. 0-10/^ 

1928 

... 3% 

1931 . 

. 8% 

1934 . 

.. 2-5% 

1926 . 

. 6 

1929 

... 60 

1932 . 

. 7*6 

1935 . 

. 0 

1927 . 

.. 3 

1930 

... 60 

1933 ., 

.. 4 




It will be seen that 1929 and 1930 were the only years when this was a pest and even 
then only a veiy mild one. 1923 and 1924 were also slight pest years but no actual 
figures are available, only general notes. 
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Insect Pests of Glasshouse Crops. By Herbert W. Miles and Mary 
Miles. Pp. 174, 86 figs, in 21 plates, 15 text-figs. (Published by H. C. 
Long, “The Birkins”, Orchard Road, Hook, Surbiton, Surrey.) 
October 1935. Price 8s. 6d. net. 

The growth of glasshouse horticulture in this country has been rapid during 
recent years, and the cultivatirm of decorative plants and vegetables in glasshouses 
has become more intensive. The interest taken in the cultivation of plants under glass 
is in no way confined to the market grower for there is a vast company of private 
gardeners who take an intelligent and active interest in the cultivation of flowers, 
fruits and vegetables in greenhouses and conservatories. 

The doartn of authoritative treatises dealing with the pests of horticultural plants 
is to be deplored, and it is fortunate, therefore, that the urgent need of a text- book 
dealing with the insect and allied pests of at least one group of these plants has now 
been realisetl and that the production of such a work has been in the hands of two 
well-known entomologists. The authors have gathered together in a moderately sized 
volume all the available information concerning the pests of glasshouse plants. 

Mr J. V. F. Fryer, Director of the Ministry of Agriculture’s Pathological L#aboratory, 
in the Foreword states that “The factors of greatest importance in determining both 
the geographical distribution of insect pests and their abundance are climatic. It is, 
therefore, natural that in glasshousti cultivation, which is in effect the growing of 
plants in an artificial climate, the grower has to cojx^ with a range of insect pests that 
differ in many ways from those found out of d(K>r8.“ The pests of glasshouse plants fall 
into two categories, the exotic specie's of insects which are associated primarity with 
tropical and subtnipical plants and indigenous species which are constantly intro- 
duced — both direi'tly and indirectly — into the houses, and there find conditions which 
are favourable to their rapid multiplication and development. The authors consider 
that the former group, with certain exceptions, are of less importance than the 
latter. While this statement may be true so far as conunercial houses are concerned, 
it is not entirely applicable to the private grower in whose conservatory and green- 
house there is frequently little or no interval betw'oen crops. 

The authors in their Preface express the hope that they have provided growers 
with an account of pests such as occur in glasshouses, and of the measures to be Wonted 
for contrt)lling the several parasites which exist under the special conditions of glass- 
house horticulture. A careful survey of their efforts u'ill show that their hopee are 
realised and that they have supplied the intelligent plantsman with a reliable treatise 
on the poets of glasshouse plants. 

There are nine chapters, of which the first deals with Glasshouse Conditions in 
Relation to the Occurrence and Control of Pests arranged under sectional headings, 
namely the effects of glasshouse conditions; plant health and pest injury; glasshouse 
hygiene ; and the nature of pests in glasshouses. 

The subject-matter contained in Chapter i is of the highest importance to growers, 
many of whom require some practical guidance in the principles of hygiene, ^me of 
the sins of omission of the owner of small greenhouses and conservatories require 
consideration in the section dealing with glasshouse hygiene in relation to infestation 
by pests. 

Chapters n-vra are devoted to a review of the more important insect euid allied 
pests of glasshouse plants, namely eelworms, slug^, woodlice, millepedes and spider 
mites. Each species is considered in relation to its biology and habits, and the methods, 
both preventive and curative, are fully described* 


29-2 
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The final chapter (Chapter ix) deals with the methods of oontroUinff peeta in 
glasshouses. The measures of the steam and chemical sterilisation of sous are de- 
scribed, together With the fumigation of glasshouses and the effect of humidity in 
relation to this operation. Finally, the several insecticides and the types of apparatus 
for applying both wet sprays and dry dusts are considered. > 

Appendix i provides a key to the pests associated with the chief glasshouse plants, 
which are arranged in alphabetical order. While the effect of the presence of pests on 
plants is apparent to the most unobservant plantsman, the provision of such a key is 
desirable even to the average grower who is not familiar with the stages through 
which insects undergo, and who must perforce depend on the signs of attack to 
determine the organism responsible for the injury. 

Appendix n is a select^ bibliography arranged under headings, e.g. Aphides, 
Capsids, Eelworms etc., Insecticides, Virus Diseases, Weed Suppression, and so on. 

The Index is refreshingly complete for a book of this size, and should serve as a 
guide to authors of the advantages of introducing a complete guide to the subject 
matter in the text. 

The numerous photographic illustrations are exceptionally good and aU of them, 
with two exceptions, were specially taken by the authors for use in this book. A few 
of the text-figures are, on the other hand, of little merit, and the figure of the wingless 
viviparous female of Myzua persicae (p. 63) is valueless both to the scientific and the 
lay readOT. 

Proof-reading has been carried out with care, for the number of errors is small. 
One notes, however, the substitution of Chorozema for Chorizema (pp. 61, 164); 
Irisine for Iresine (pp. 81, 168); Lecanium persicae for L. comi (pp. 91, 156, 168); 
and the figures (72 and 74) on Plate XVIII, which should be transposed. The 
illustration of the earwig figured on Plate XIX is that of the var, /orcipa/a. 

It is stated by the authors that the list of injurious species is inevitably incomplete, 
but the number of omissions is small and in no way detracts from the value of the 
work. 

The more apparent omissions are those dealing with general information. For 
instemee, no mention is made of the following facts : the treatment of loam heaps with 
carbon bisulphide against wireworms (p. 28); the susceptibility of tuberous-rooted 
begonias to attack by the larva of the vine weevil (p. 29); the frequent occurrence of 
Aphodius larvae in glasshouse soils into which they are unwittingly introduced with 
manure (pp. 30-1); the employment of nicotine dusts for controlling Tortrix leaf- 
tyers (p. 66); the relation of we^ hosts to the chrysanthemum leaf-mining fly (p. 67) ; 
tne relationship between Aphis gossypii and lily mosaic (p. 71); the acknowledgment 
that the late Maxwell Lefroy was the pioneer in the work of introducing the Cnalcid 
Encarsia as a biological agent in controlling the greenhouse white fly (pp. 83-4); the 
danger attending the application of white oil emulsions to the foliage of certain palms 
(p. 96); confirmation of the statement that Thrips tabaci is a proved vector of yellow 
stripe of narcissus (p. 98); the discoloration of tomato foliage as a result of an attack 
of woodlioe at the roots (pp. 123, 167); the conditions favourable to Coliembolids in 
greenhouses and conservatories (pp. 125-6); the efficacy of Japanese ant bait in con- 
trolling ants in frames, propagating pits and glasshouses (p. 130); the mention that 
Potash soft soap is necessary as a wetter (p. 149); the injury to the foliage of palms by 
young slugs (p. 156); and the omission of the species of Tarsonemid mites which are 
primary pests of be^nia, cyclamen, fuchsia and other subjects. 

The inclusion of a number of cross-references is desirable, for it must be realised 
by authors that some readers consult a work for the sole reason of obtaining informa- 
tion on a particular subject and thereby fail to obtain the fullest information available 
in that work. For instance, the list of plants which are intolerant of tetrachlorethane 
vapour mentioned on p. 144 should be referred to on p. 85 when the chemical is 
dii^ussed in relation to white fly control. 

The authors deserve the highest praise for the production of a text-book which will 
rank for some years as an authoritative treatise on glasshouse pests. The format of the 
book is good, though some readers will not be in sympathy with the introduction of 
advertii^ matter. The price is reasonable, and this b^k i^ould find its place on the 
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shelvea of every intelligent plantsman for it will prove to bo invaluable both to the 
market grower, the private gardener, the student, and to every worker in the field of 
aPP“®d biology. o. Fox-wiuiON. 


The Living Garden, or the How and Why of Garden Life, By E. J. Salis- 
bury, D.Sc., F.R.S. Pp. xi -1-338, 63 figs, and 17 plates. London: 
G. Bell and Sons, Ltd. 1936. lOs, 6d. net. 

The inoreasing applioation of science to horticulture is a striking fact of modem 
times. The sharp cleavage between the pure botanist and the practical gardener and 
grower is rapidly becoming narrower. There have, of course, always been botanists who 
were also keen horticulturists, but until recent years there have beJen fewer physiologists 
who combined their knowledge of the science of plant behaviour with an understanding 
of the art of garden practice. The gain to both by the combination has never been more 
clearly demonstrate than in Ibt)f. Salisbury’s new book. He does for horticultural 
physiology what s^) many writers have done for other sciences. He collates from a 
liundred sources the accumulation of knowledge on the physiology and botany of 
garden plants, synthesises it with his own wide knowledge of botany and garden art as a 
catalyst, and presents it in a form which is delightful to read and stimulating to ponder 
upon. The happy blend of garden lore with lK)tanical and physiological knowledge 
will be a joy to all plant and garden lovers. 

His choice of subjects ranges over the whole field of botany and horticulture, from 
recent work on photoperiodism, vernalisation, and the physiology of propagation, to the 
ways in which plants have obtained their names and the old time “floral clocks” of 
Loudon. 

Many attempts to popularize science fail because the writer tries to describe 
mechanisms rather than the effects of mechanisms. For example, in nearly every 
book on popular biology, the chromosome basis of heredity is explained “in clear and 
simple language”, to the detriment of the book’s interest. Prof. Salisbury does not 
fall into this trap; the effect of the mechanisms are described and the result is a far 
cloartir picture to the non-acientific reader. But the book is one which will be read with 
pleasure and profit not only by the horticulturist but by the botanist as well, for much 
of the information which is gathered together is outside his usual purview, and yet 
may have a bearing on his “pure science”. 

Eirors and misprints are few, but it is perhaps surprising to note the departure 
from the Rules of Botanical Nomenclature in the case of names of hybrids, by the 
placing of the sign of hybrid ity before the generic name instead of between this and 
the specific or varietal designation. Hibston Pippin apple, named after Ribston Hall 
in Yorkshire, is consistently missfielled “Ribstone”, and on p. 179 “Pearmain” is 
wrongly given as “Permain”. On p. 180 the unpronoimc'eable Pyrii^ 
is spelt P, Niedsu>etkyana. The reference on p. 14 to the dwarfing stocks for apples is 
obviously meant to refer to East Mailing Stock No. IX, and not to the little-iu^ and 
unsatisfactory No. IV. It would be interesting to know the evidence on which the 
statement is made that the cherry variety, Hertfordshire Black, is an exception to the 
otherwise invariable rule for practical purposes of self- incompatibility in the sweet 
cherries. If sound, geneticists will be faced with a new problem to explain, and 
presented with a possibly valuable par^t for breeding experiments. 

The pen and ink illustrations by Mrs Caroe, many of them in the style of the old 
herbals, but lacking the inaccuracies of these, are not the least pleasant features of the 
book. It is rarely indeed that a book on any aspect of plant biology finds its way into 
the eclectic ranks of the “ best sellers”; the fame of this book went far and wide even 
before its publication, and it will find a place on the shelf of all those who, knowing the 
“how” of horticultural practice, ore interested also in the “why”. 


R. H. STOUGHTON. 
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Our Enemy the Termite. By T. E. Snydeb. Pp. xii+ 196, with 10 plates 
and 66 text-figures. Ithaca. New York: Comstock Publishing Co. 
1936. $3.0. 

The author of this manual is Senior Entomologist under the United States Depart- 
ment of Agriculture. Since 1909 he has been chiefly occupied (in his official capacity) 
in investigating the biology, and means of control, of termites and other wood- 
destroying insects. Much of the first-hand knowledge thus acquired forms the basis of 
this usefm and very readable book. It is, in fact, an authoritative introduction to its 
subject, being both accurate and up-to-date. While its method of treatment is essen- 
tially scientific, its clarity of style and freedom from undue technicality should make 
it acceptable to the layman. Any unfamiliarity with certain of the words used need 
not cause perplexity, for an adequate glossary helps those not versed in the particular 
terminology. The book treats of the American species only, but this limitation is less 
pronounc^ than may appear at first sight, since most aspects of termite life come in 
for discussion. The first six chapters are concerned with termite ancestiy and affinities : 
metamorphosis and castes: flight and reproductive behaviour: habitations or nests: 
nutrition and inquilines. These take the reader to p. 98, while the remainder of the 
book is concern^ with termites in relation to man. It has been estimated that 
$40,000,000 damage is caused annually by these insects m the United States, so that 
their control becomes a matter of real importance. The injuries which they entail to 
buildings, crops, etc., and how they are to be avoided, or made good, are dealt wdth at 
some length. The problem of control is far from simple and success depends upon 
adequate ecological knowledge of the individual species concerned. Dr Snyder has 
much to say about the principles of termite-proof building construction and the 
conservation of structures already infested. He also provides building codes wliose 
axioms he recommends to the householder and contractor. There is little doubt that, 
if regular and systematic attention be paid to certain essential principles of building 
construction, less would be heard about the termite menace than in the past. The 
general reader will find most of what he may want to know in this manual, while the 
biologist will be sufficiently interested in it to w ish for greater detail and a bibliography. 
The many illustrations are good and the index serviceable. . imms 


Soils? their Origin, Constitution and Classification (An introdaefion to 
Pedology). By G, W. Robinson, M.A. 2nd Edition. Pp. 442 \ xvii, 
with 6 plates and 17 figures in text. Thos. Murby and Co., 1 Fleet 
Lane, London, E.C. 4. 1936. 20s. net. 

The first edition of this work appeared in 1932, and its recognition by teachers and 
research workers all over the world as an authoritative text-book of outstanding merit 
on soil science was immediate. Most text-books treat the soil more or less from a 
purely utilitarian point of view, but of recent years soil science has oraergcHi from a 
position intermediate between the pure and applied sciences into a science known as 
Pedology in which the soil is studi^ from the standpoint and by the methods of pure 
scienoeT^is was the first text-book in English to treat the subject “philosophically”, 
its primary object being for those “interested in the soil as an object of study in itself, 
and secondarily for those whose interest lies in its economic or geographical signifi- 
cance”. “The standpoint adopted is the exhibition of soils in their natural relation- 
shijM. ” 

That a second edition should follow in so compewatively short a time is the result 
of the author^s desire to amend, clarify and augment, and bring right upto-date 
much of the original material in view of the universal approval which greeted the first 
edition, and the very large quantity of new data published during the interval to- 
gether with the emeigence of many new ideas on various aspects of the subject. The 
narrative, after allowing for excisions and replacements, h^ been increas^ by 03 
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pages. Several plates, diagrams, and bibliographical references have been added, and 
of the latter there are some 500. 

The second edition follows the same general lines as its predecessor. The general 
aims of Pedology are outlined in the intr^uctory chapter, and the remainder of the 
book may be regarded as falling into three sections. The first deals with the origin, 
constitution and properties of soils, including general physical properties, water and 
air relationships and the role played by organic matter and soil micro-organisms. This 
section is excellently written, and the enormous complicated mass of material is dealt 
with in a very concise and lucid manner. The next section is concerned with soil 
genetics; the chief soil groups of the world and the difficult problems of classification 
are discussed at some length. A unique and valuable feature of the book is the 
description of concrete examples of soils from different parts of the world affording a 
useful source of reference to types likely to be found in widely separated countries. 
The final section deals with methods of soil survey and classification into series, soil 
analysis, and plant growth and agriculture. The soil profile, as seen in the field, is the 
proper unit of study, and laboratory analyses are useful for the confirmation of field 
observations and the elucidation of problems associated with the mode of soil forma- 
tion, etc., as well as providing quantitative expressions of certain soil properties. The 
large amount of original work carried out by the author himself in these directions is 
well known. 

To ecologists, botanists, and plant physiologists a wide knowledge of the pro- 
perties of soils in their various stages of evolution is invaluable, and in this treatise 
they will find a comprehensive, detailed and systematic treatment of the subject. The 
book is very well written indeed, and Prof. Robinson is the happy piossessor of a 
literary style that is always pleasant, interesting and fresh. 

M. N. NICHOLSON. 
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REPORT OF THE COUNCIL OF THE ASSOCIATION 
OF APPLIED BIOLOGISTS FOR THE YEAR 1936 


The Association has met on six occasions during the year, including one Field Meeting 
and one afternoon Excursion. The Annual Summer Meeting was held on July 6 at the 
East Mailing Research Station by kind permission of the Director, Mr R. G. Hatton, 
and the Excursion was to the Lister Institute of Preventive Medicine on December 13 
by kind permission of the Director, Prof. J. C. Ledingham. To both these Institutions 
the Association is indebted for their hospitality. 

The attendance at ordinary meetings has been on the average, 37 Members and 
21 Visitors. 

Twenty-two Ordinary Members were elected during the year, including three old 
Members who rejoined. Three Members resigned and the Association now numbers 308 
Members including 12 Honorary Members. Of the Ordinary Members 242 are resident 
in the British Isles and 54 in the Empire and foreign countries. 

During the past year the Association has again enjoyed the privilege of holding its 
meetings in the Botanical Department of the Imperial College of Science and Tech- 
nology and in the Metallurgical Lecture Theatre of the Royal School of Mines, and the 
Council takes this opportunity of recording its grateful thanks, on behalf of the 
Association, to the College Authorities for this valued hospitality. 

The following papers and discussions were brought before the Association during 
the year 1935. 


Feb. 16. (1) Mr D. Ward Cutler and MissL. M. Crump: “Nitrification by Micro- 
organisms other than Nitrosomonas.” 

(2) Dr A, S. Corbet: “Recent Work on the Biological and Chemical 
Oxidation of Ammonia to Nitric Acid.” 

(3) Mr W. G. E. Eggleton: “The Oxidation of Ammonia in Soil Incubation 
Studies.” 


Mar . 22. 

(1) 


(2) 

Ocf. 11. 

(1) 


(2) 


(3) 


(4) 


(6) 

Nor. 16. 

(1) 


(2) 


Dr H. W. Miles: “Sawfliee associated with Cultivated Rosaceous 
Plants.” 

Mr R. B. Benson: “The Alien Element in the British Sawfly Fauna.” 
Dr W. F. Bewley : “ Some Glasshouse Problems at the Cheshunt Experi- 
mental Station: Introduction.” 

Mr E. R. Speyer: “Animal Pests of Interest in Glasshouses.” 

Dr O, OwEN: “Soil Problems in Glasshouses.” 

Mr W. H. Read : “ The Control of the Red Spider Mite and Tomato Leaf 
Mould.” 

Mr P. H. Williams: “Some Important Diseases of Glasshouse Plants.” 
Dr H. F. Barnes: “Insect Population Studies in the Gall Midges.” 

Mr A. Roebuck: “Field Observations.” 


G. FOX- WILSON 1 „ o . . 

R. H. Stoughton) 
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REPORT OF THE HON. TREASURER FOR THE 
YEAR ENDING DECEMBER 31, 1935 

During the year ending December 31, 193/>, subscriptions and entrance fees (in- 
cluding arrears paid up) received from members amounted to £316. 16«. 6rf. This is an 
incre€we of over £30 from last year, but is less than the amount received in 1931 by £20. 
Income from the sales of the current volume of the Annuls of Applied Biology, and 
from reprints amounts to £690. 1«. Od., an increase over last year of £78. O 5 . Od. The size 
of the volume of the Annals, which had fallen in 1934 to 728 pages from 792 pages in 
1933, was raised to 820 pages in 1935 (including 11 pages of the List of Members); 
and the cost of producing it has risen by £173. 13^. lid. to £1106. 14«. 6d. 

Over the whole year there has been an excess of expenditure over income of 
£30. 8tf. 9d,, approximately the same as for the last two years, the increased expendi- 
ture being balanced by increased income. After all obligations have been met, the 
assets of the Association amount to £1054. 7^. 9d., of which £731. 5s. Od. is represented 
by National Savings Certificates. 

The financial position of the Association is therefore satisfactory at the present 
time. It is important, however, that every opportunity should bo taken of enlarging 
our membership, and it is very desirable that members keep up to date the payment 
of their subscriptions. 

J. HENDERSON SMITH, 

Hon. Treasurer. 
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I. Introduction 

PoLVPOHUs sQVAMosus (HuDs.) Fr., thc great scaly Polyporus^ is well 
known in Europe as a tree-rotting fungus. Its sporophores have been 
recorded on a wide range of dicotyledonous trees, including apple, pear, 
mulberry, horse-chestnut, lime, basswood (Tilia), willow, ash, oak, 
walnut, birch, beech, maple, and elm. Von Tubeuf & Smith (19) include 
living hazel and mountain ash. Carleton Rea(i7) adds yew, but, since no 
other record has been found of the occurrence of this fungus on a conifer, 
it must be regarded as very exceptional. 

The fungus is a wound parasite with apparently little power directly 
to affect the living parts of the wood. Thus the attacked tree generally 
shows extensive heart rot and dies slowly. Thc decay of the heartwood is 
usually far advanced before the fungus spreads to the more peripheral 
parts of the wood. In the later stages of the rot the wood is broken up 
by mycelial plates and eventually the complete breakdown of the tissues 
results in the characteristically hollow centre. It is usual, therefore, 
for several years to elapse after infection before the t3^ical bracket 
sporophores are produced. These may arise singly or in clusters, the base 
of the stipe being typically black in colour. The development of the 

Ann. Biol, xxui 30 
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sporophore occurs rapidly during the summer and early autumn, the 
full size, 14-18 in. in diameter, being attained in 2-3 weeks’ growth. 
It lasts only a single season and the breakdown generally begins in the 
month of November. 

The literature dealing with Polyporus squamosics centres mainly 
around the development of the sporophore and the wood decay induced 
by the fungus. Buller(5) has given an account of the biology, while 
Brooks (4) has confirmed a number of his observations on spore discharge 
and contributed further data on the rapid gi:owth of the sporophore. 
In 1895 Cooke (9), after mentioning that Armillaria mellea is credited 
with being the complete development of one of the species of Rhizo- 
morpha, states that another form or variety of Rhizomorpha is un- 
doubtedly the mycelium or vegetative condition of Polyporus squamosus. 
More recently Ramsbottom(i6) states that wood affected by P. squarmsm 
shows a black line similar to that caused by Armillaria mellea. Mention 
is made by Buller(5) of the black layer of mycelial tissue, which is 
frequently to be found in or upon wood rotted by Polyporus squamosus 
and other Polypori, and a description is promised in a later paper. To 
our knowledge no further account has appeared; this investigation is 
directed at the neglected portion of the biology of P. squamosus, the 
formation of ‘‘black lines”. 

One of us (A. H. C.) had collected at Edinburgh in 1931 a group of 
sporophores of P. squamosus arising from the trunk of Vlmus campestre, 
the wood of which showed obvious black lines beneath the point of 
origin of the sporophores. A search was made for fresh material with 
which to start this investigation; but considerable difficulty was ex- 
perienced in finding the fimgus in the summer of 1934. The absence of 
fructifications of what is, typically, a common fungus was attributed to 
the hot and dry summer of that year. In this connexion, it is interesting 
to note that Duggar{iO), referring to conditions in North America, states 
that Polyporus squamosus appears to be uncommon in regions which 
are rather dry throughout the summer. Eventually, two rather spent 
sporophores of P. squamosus were found on a fallen elm at Yate, near 
Bristol. Associated with these sporophores were a number of black lines 
in the wood of the trunk. 

II. Development of the fungus in pure culture 

The isolations of the fungus were carried out from wood in the 
neighbourhood of the black lines, a number of pieces being taken from 
both sides of the line. A substantial percentage of these pieces of wood. 
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when transferred to malt-agar slants, yielded a fungus which, when freed 
from bacteria, was identified as P. aquamoms. Unfortunately, the age of 
the sporophores prevented the isolation of the fungus from the basidio- 
spores; so, in order to confirm the diagnosis, the wood isolations were 
compared with a culture of P. aquamoaus from the Forest Products 
Research Laboratory, Princes Risborough; they were found to be 
identical within the limits of cultural variation. In general, the Yate 
fungus appeared to be much more vigorous than the culture from 
Princes Risborough.^ 

Although the development of P. aquamoaus has previously been 
described by Buller(5) from gross cultures on wood, and by Price (15) 
from pure cultures on wood inoculated with spores, no satisfactory 
account, exists of the development of the fungus in pure culture on 
artificial media. Thus, the facts presented here are intended only to 
supplement the existing accounts. Any complete description would 
involve so much restatement as to be unjustified. 

Growth of the fungus occurred readily on a variety of artificial media 
such as malt extract, potato dextrose and oat-extract agars. On pure 
agar, mycelial growth is scanty and ceases early. These cultures are 
incubated at 25° C. unless otherwise stated. Typically, development 
takes the following course: on transferring a portion of the isolated 
mycelium to a fresh malt-agar slant, very little change is seen for the 
first 2 days. About the third day, hyphae grow out from the inoculum 
as long hyaline threads 2-3 /x in diameter with few branches. These form 
a loose cottony mycelium which spreads over the agar, the advancing 
margins consisting of unbranched hyphae running along the surface of 
the agar but not appressed to it. These continue to advance for the next 
3-4 days at the rate of about 1-1*5 mm. per day. At 3-5 mm. behind 
the foremost hyphae the branching is considerable, forming a loose felt 
where colourless drops, which disappear later, are seen. Then, at the 
sides of the agar slants, a marked aggregation of hyphae is seen, and 
from this plexus arise groups of short papillae. These are usually found 
in rows between the agar and the glass, generally so pressed against the 
glass as to cause a noticeable indentation of the agar. The papillae are 
formed as whitish yellow, pseudoparenchymatous masses 0-3-0-6 mm. in 
diameter and 0*5-1 *5 mm. in height but varying considerably in size, 
according to the medium upon which they are formed. On the Princes 
Risborough fungus, especially, they seemed to take the form of a short 
tube which became more distinct on the drying out of the culture. 

^ Our thanks are due to Mr K. St G. Cartwright who sent us this culture of P. aquamosus. 

30*2 
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Frequently, when massed together, they give the impression of a number 
of isolated pores from a polypore fructification. These papillae, to which 
no function can as yet be ascribed, are formed both in the dark and in 
the light; they show apparently no geotropic response, since they are 
formed, irrespective of any outside influence, against the wall of the 
culture vessel. 

At the period when papillae are forming, the hyphae show numerous 
clamp conneidons and, shortly afterwards, brown patches appear either 
on, or just below, the surface of the mycelium. These patches increase 
in size and, where they touch the wall of the tube, appear as a thin black 
line. This is usually to be observed about the fifth or sixth week and is 
more conspicuous in potato-dextrose agar slants than in malt-extract 
or oat-extract agars. 

Where mycelial growth has been vigorous, resulting in the filling of 
the lower part of the tube with vegetative mycelium, the hyphae, 
towards the mouth, come to form a more or less flattened surface, which, 
becoming discoloured and more closely interwoven, forms a thin brown 
plate over the rest of the hyaline mycelium (PI. XIX, fig. 1). This plate 
is very brittle and, where it intersects the wall of the tube, shows as a 
line which, when the fungus is growing on oat-extract agar is brownish 
but, with malt-extract and potato-dextrose agars, is more black. As 
desiccation proceeds, the loose cottony mycelium below this line contracts 
and eventually withers; but the plate remains in situ^ frequently forming 
oidia on the upper surface. 

Where the mycelial growth has been less vigorous, the light cottony 
mycelium collapses slightly: the initiation of line formation begins, 
usually near the inoculum, by the darkening of the hyphae. This darkening 
then spreads, sometimes beneath the surface of the mycelium and thus 
not easily visible, until it shows as the dark line at the glass. 

Frequently, the plate is not completed over the mycelium. Instead, 
the mycelium beneath, apparently due to some protection afforded by 
the plate, is enabled to maintain or to recommence active growth. 
Hyphae grow round the plate and frequently through it, especially on 
potato-dextrose agar, until the original plate may be completely covered. 
This secondary growth then proceeds normally to form a second plate 
over the new growth, as can be seen in PI. XIX, fig. 1. 

In yet further cases of the development of the fungus, most frequently 
on malt agar in conditions of relatively low humidity, only a thin layer 
of mycelium is formed which may show isolated dark patches but never 
reaches the plate stage. In such, the papillae become discoloured and 
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dry out, the mycelium then breaking up into masses of oidia which 
present a dusty yellow appearance. 

On “C’’ medium ( 7 ) mycelial growth is vigorous, resulting in the 
course of 8-10 weeks in the thorough permeation of the medium by a 
dense weft of hyaline hyphae. In all cultures on this medium there is 
eventually formed, on the surface of the mycelium, a thick dark plate 
whose characteristically dusty appearance is due to the presence of large 
numbers of oidia. On one such culture on C ” medium, in a litre conical 
flask, there appeared, 5 weeks after inoculation with the Yate isolation, 
a white hemispherical mass growing out from beneath the dark plate and 
oidial layer. The mass was closely pressed to the glass and it apparently 
arose from an aggregation of white mycelium at the side of the flask 
(PI. XIX, tig. 3). The white mycelium was bounded by a thick black 
layer about 2 mm. in diameter, the w^hole arrangement strongly recalling 
the pseudosclerotia of Armillaria nielha as they have been described 
buried in the culture raedium(H). During the 4 days following its 
appearance, the mass further developed as a double body of a definite 
bracket shape. Thereafter, growth appeared to be finished and, in an 
attempt to stimulate the production of the pores and basidiospores, the 
culture was removed to another incubator at the same temperature, 
i.e. 25 C., but wher(‘ it was exposed to full daylight. This was on 21 June. 
No further growth of this bracket-shaped body occurred, but there 
appeared arising from it. first one and then successively three other white 
processes, all in the space of 3 days. These structures were curious, each 
finally being from 5 to 8 cm. in length and consisting of a much swollen 
base and a slightly flattened apex, with an indefinite number of finger-like 
projections. Later, darkening in colour, they branched frequently, so 
that, a fortnight after their appearance, they had almost filled the flask. 
The culture was next removed from the light incubator at 25"" C., to 
room temperature, with the result that on the following morning the 
entire growth had collapsed, liberating Ikrge quantities of water. No 
further development was seen in the flask. 

In 4 months old cultures on malt agar, grown at room temperature 
in the light, a number of club-shaped bodies, similar to those described 
by Price ( 15 ) as occurring on wood blocks, have been observed. These are 
shown in PI. XIX, fig. 2, and correspond to the structures developed on 
“C” medium. Actually they are much smaller, generally less than 4 cm. 
in length, and are cylindrical, terminating in a small flattened cap, 
suggestive of an attempt to form a pileus. No pore formation, however, 
has been seen on the structures developed on either ''C*' medium or 
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malt agar. At the surface of these bodies there is a simple palisade layer 
of hyphae on which oidia are formed in large numbers. 

Price (16) has described these club-shaped bodies as abnormal fructi- 
fications, and this investigation endorses that view. Similar sterile 
structures formed by Polyporus squamosus, when growing on naturally 
infected wood in the dark, have been described by Buller(5), who further 
states that pileus production is brought about entirely by the morpho- 
genic stimulus of light. If this is the case, it is difficult to explain why 
the attempted fructifications, developed in the cultures in the light, failed 
to produce pilei. It is reasonable to conclude that other factors than light 
are concerned in pileus formation, but these must necessarily remain 
undetermined until typical sporophores are produced in artificial culture. 

An account of the development of P. squamoms on wood blocks has 
been given by Price (15), who obtained cultures by sowing spores on the 
surfaces of sterilized wood blocks. Two months were required to produce 
an obvious mycebum at room temperature, and mycelial transfers 
required 1 month for the formation of a thin layer of mycelium. After 
3-4 months a dense white felt covered the whole surface. This felt then 
became pale brown in colour and produced oidia. On cultures 5-10 months 
old what are described as abnormal fructifications developed. 

The present observations confirm these statements. Sterilized wood 
blocks of poplar, sycamore, pear, elm, beech, ash and oak were inoculated 
by mycelial transfer. A few days after inoculation, the typical loosely 
branched hyphae of the fungus form a small tuft of mycelium which 
gradually spreads to form a thin layer over the surface of the block. 
In about 6 weeks the block is enclosed in a thin weft of mycelium which 
now shows a more active external development, the growth having been 
previously directed towards penetration. The hyphae become more 
closely interwoven, especially at the top of the block, to form a sheathing 
plate of “black line’’ over the upper part of the block, similar to the 
“line” formed in agar-media ^cultures. Formation of the “black line” 
extends over the block and may include the cotton- wool below the block, 
as has been described (7) for Xylaria polymorpha. Drops of dark-coloured 
liquid, apparently excreted from the mycelium, are to be seen at this 
time. 

With cultures on malt-agar slants, to which a wood block is later 
introduced, the introduction of the wood block is followed by a period 
of intense vegetative activity. Loose cottony mycelium quickly grows 
over the block and, in 8-10 days, completely immerses it, so permitting 
a very rapid invasion of all sides of the block. The fungus appears to 
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attack the block very readily while it is still moist, but, if drying out 
should occur at the upper end before the mycelium reaches it, the 
development is much slower. On one such block, where the fungus had 
been able to attack only the lower end, black lines were found on 
removing the mycelial mat. The age of the culture was only 5 weeks. 
Sections of the wood showed that the lines so formed did not extend 
more than 0* 1-0*2 mm. into the wood, and in one case the line was 
found to mark the limit reached by the fungus. 

Oidia have appeared on all cultures, other than those on pure agar, 
where the mycelium was never properly established. They appear to be 
formed as the result of a check to the vegetative growth of the mycelium 
and their function is obscure. The oidia are produced by the fragmenta- 
tion of the hyphae into chains of single cells, 8-30 p, in length and 4-10/ll 
in diameter. They are of irregular form but, when mature, are typically 
ovoid, hyaline, with thick walls and densely granular protoplasm. The 
cell wall usually shows a small protuberance at one end of the spore. 
In fixed and stained oidia, two large vacuoles are commonly present, 
situated at each end of the cell, while between them appear two darkly 
stained structures which correspond, in size and appearance, with the 
nuclei of the hyphae. Germination of the oidia failed to take place in 
sterile tap water over a period of 14 days; but cultures, undoubtedly 
derived from oidia, have been obtained on malt agar. Unfortunately, 
the germination seems to be extremely sporadic, and consequently the 
process has not been observed. 

III. Development of the black line 

In cultures on artificial media, more especially on malt-extract agar, 
in test-tubes, boiling tubes and Petri dishes, the hyphae submerged in 
the medium become aggregated into the position of the subsequent black 
line. Here they first form a colourless plate passing down through the 
agar, continuous with the dark plate on the surface of the medium. 
Darkening of this colourless plate then proceeds from the surface down 
into the medium, until the plate ultimately ends at the glass wall of the 
culture dish. 

Microtome sections of the initial stages of plate formation show a 
palisade structure of closely packed hyphae. This palisade is the result of 
the close branching of a number of hyphae, all of which are growing in 
the same direction. Thus, once the palisade is completed, appearing as 
a black line, it becomes obvious that the hyphae forming it have all 
arisen from a single side of the line: hyphae are plentiful on the other 
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side, but take no part in the formation of the palisade. PL XVIII, fig. 6, 
shows this formation in progress. Later, the hyphae lose their cell 
contents, have thicker walls and become bladder-shaped. So far, the 
only perceptible difference between the ordinary hyphae and the bladder 
hyphae is in the swollen cells of the latter, since both are stained by the 
usual cellulose stains. Soon after this stage, yellow colouring matter 
appears on the walls of the bladder hyphae, producing definite opacity 
in the swollen cells. Corresponding with this change of colour, a change 
in the constitution of the cell walls is noticeable, in that they no longer 
stain with the common stains. This change is identical with the sclerotiza- 
tion of the cells forming the rind in the sclerotium of, for instance, 
Polyporus umbeUatusiS). 

Examination of sections of the line, produced by P. squamosus when 
growing on ash blocks in pure culture, show that the “line’’ formed in 
the wood has a structure directly comparable to the plate formed in the 
artificial media. Generally, sections through the “lines” formed in 
inoculated wood blocks show the **line” to be at a later stage in develop- 
ment than can be seen in artificial media, in that the walls of the bladder 
cells are now stained dark brown in colour. 

Again, examination of the black line present in the wood of the 
Edinburgh and Yate material of P. sqiuimosus revealed a structure 
identical with that of the line produced in the inoculated blocks. The 
bladder cells composing the tightly packed line, however, are now darker, 
being mostly black in colour, so that only in a thin section can the 
composition of the black line be seen. 

The dark impregnating substance found on the bladder cells is very 
refractive and very little is known of its composition and formation. Its 
organic nature is shown by the fact that it can be bleached by Eau de 
Javelle, but it resists acids and alkalis and is insoluble in all the usual 
organic solvents. 


IV. Significance of the black line 

The black line in the wood attacked by P, squatnosus is really a section 
through a dark plate, composed of tightly packed bladder hyphae and 
the remains of the wood elements in which they were formed. A re- 
markable feature of this black plate is its hardness and the fact that it 
is able to preserve its shape and entity, even when the surrounding wood 
has rotted away. From an examination of such rotted specimens, the 
black plate is seen to trace out in the wood the periphery of a large ir- 
regular body, sunk some distance in the wood. Part of the periphery of 
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the body is generally to be found, however, in the bark of the tree or 
between bark and wood, and, at this point, direct connexion between the 
sporophores of the fungus and the body in the wood is evident. 

One of us has already described a similar black line, formed by 
ArmiUana mellea, in the wood of attacked plants (S). In this publication 
is described how the black plate forms the bounding layer, or rind, of 
a pseudosclerotium partly buried in the tissues of the host. The rhizo- 
morphs beneath the bark (Rhizomorpha subcorticalis) and in the soil 
(/?. subterranea) are regarded as extensions of the pseudosclerotium, and 
upon them are borne the sporophores. In the case of Polyporus squamosua, 
the pseudosclerotium, for such it is, bounded by the black plate is almost 
wholly immersed in the attacked wood, the sporophores apparently 
arising directly from the bark of the tree. It should be noted in this 
connexion, however, that Bolton has illustrated, in the British Museum 
collection of drawings, an antler form of P. squamosua growing from a 
dark browm sclerotioid baseO^). 

V. S('LEROTIA IX THE GEXl\S PoLVPORVS 

A survey of the described sclerotia in the genus Polyporus indicates 
how widespread are these productions. Gaumann(i3) lists P. tuberaster 
in the north temperate zone, P. Berkekyi, P. umbellotus and P.frondoaus 
in the United States of America, P. sneer and P. Goefzii in Africa, 
P. sapurema in Brazil, P. rhinoeerotis in the Malay region and P. basilapi- 
doides and P. Mylittne in Australia as sclerotium-forming species. Some 
account of these sclerotia is of interest, since they are by no means 
homogeneous in structure. 

According to Berkeley c-n, the “fungus-stone" (Pietra fungaja) is 
constantly used in Italy for the propagation of P. tuberaster. He states 
that the “fungus-stone” consists of a ball of earth and stones, matted 
together by the mycelium of the fungus. Bommer(3) has given a more 
detailed account of the Pietra fungaja: he takes the view that the 
proportion of earth and stones in the ball has been much exaggerated 
and that it is in fact a true sclerotium. He points out that the presence 
of a definite black rind, differentiated from the hyaline hyphae of the 
pith, distinguishes this body from a mere aggregation of mycelium. 

The large sclerotium of P. Mylittae, the “ Blackfellow’s Bread"’ of 
Australia, consists of a much more uniform mass of fungal plectenchyma. 
This sclerotium, which may attain a considerable size and 10-12 lb. in 
weight, represents a large reserve of carbohydrate material, mainly in the 
form of fungal cellulose, stored for the nourishment of the sporophores (ii ) . 
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P. sapurema is also developed from a large sclerotium, which is leathery 
and furrowed, and may reach a diameter of 30 cm.(i4) 

Fischer (12) has described the sclerotium of P, sacer. Briefly, it 
consists of a hyaline pith, made up of several kinds of hyphae, and a 
thick brown rind of two distinct layers. According to this author, the 
sclerotium of P. sacer is very similar to Pachyma cocos but of smaller 
size. The sclerotium known as Pachyma cocos, although of fairly common 
occurrence, has not been observed to form sporophores and hence its 
identity is as yet unknown. Pachyma cocos is of great interest, since it 
is undoubtedly formed by a fungus growing in tree roots and, in con- 
sequence, a considerable proportion of the wood tissues of the root are 
to be found in the sclerotium (i, 12). Butler (6) mentions P. sacer developed 
from another form of sclerotium, the “tiger’s milk” (Susu rimau) of 
the hill tracks of Assam and Malaya. This is a sclerotium of quite 
extraordinary hardness. 

The sporophores of P. umbellatus are to be found arising from a large 
blackish sclerotium (Sclerotium giganieum Rostr.). Bommer(3) found a 
specimen of this sclerotium near Brussels, occupying a square metre in 
area and spreading over a depth of 40 cm. in the soil. The sclerotium is 
composed of large blackish branches, irregularly cylindrical or flattened 
and measuring 2-3 cm. in diameter, which are apparently connected with 
the roots of neighbouring oak and beech trees. A section through one 
of these roots shows that the whole of the interior is filled with mycelium 
and only the outer layers of the root remain as a cover to this part of 
the sclerotium. The mature sclerotium has a distinct rind, formed by the 
sclerotization of the walls of the superficial hyphae, which are eventually 
transformed into a mass of brown refractive substance. In the internal 
substance of the sclerotium is white in colour and reminiscent of cork in 
its consistency. 

It would seem that the sclerotia in the genus Polyporus are distin- 
guished from mere aggregations of mycelium, such as occur in P. lucidus 
and P. tumulosisi'S), by the differentiation into rind and pith. The 
distinction is obviously based on rind formation and rightly so, as the 
thickening of the cell walls and the depositing of the brown refractive 
substance (sclerotization) is so characteristic as to be unmistakable. The 
formation and structure of the black line of P. squamosus in attacked 
wood is so closely similar to that of the rind of, for example, P. umbellatus 
that their homology is clearly established. The shape of the much- 
branched sclerotium of P. umbdlatus suggests a further analogy between 
this body and the pseudosclerotium of P. squamosus. For the sake of 
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simplicity, the black line has hitherto been described as a section of the 
rind of a pseudosclerotium, of more or less simple shape, such as is found 
in the case of relatively sound wood. Sometimes, however, in much- 
rotted wood, a much larger number of black lines are to be found 
producing an intricate design. This can be readily interpreted, if the 
shape of the sclerotium of P. umbeUatiis, with its large number of densely 
intertwining and anastomosing branches, is kept in mind. 

Lastly, although, from a functional viewpoint, the “black line” 
bounded body of P. sqtmmosus, immersed in the attacked wood, must be 
identified with the true sclerotia of, for example, P. umheUatus, it is 
necessary to distinguish these structures morphologically. On the 
distinction set out in a previous paper (8), that the term sclerotium 
should be reserved for such mycelial bodies as are borne free at the 
surface of the substratum, or are subsequently set free by the dis- 
integration of the substratum in which the fungus originally developed, 
it is proposed to refer to the bodies formed by P. squumosus as pseudo- 
sclerotia. 

VI. Summary 

The black lines of Polyporus squaniosus have been found in the wood 
of elms. Isolations were made from these lines and an account of the 
development of P. squamosus in artificial culture is given. Particular 
mention is made of the formation of black plates, or lines as they appear 
in section, in culture media and of the appearance of abnormal fructifi- 
cations. Pure cultures of the fungus on sterilized wood blocks have 
produced black lines in the wood, similar to those occurring in nature. 

From a consideration of the structure and formation of the black 
plates, the suggestion is made that they form the limiting layer or rind 
of sclerotium-like bodies buried in the attacked wood. 

A review is given of sclerotium formation and structure in several 
species of Polyporus, and analogies are made between these sclerotia and 
the sclerotium-like body of P. squamosus. It is decided to distinguish 
the P. squamosus body from these sclerotia by naming it a pseudo- 
sclerotium, on the criteria previously advanced for Armillaria meUeaiS), 
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EXPLANATION OF PLATES XVIII AND XIX 

All figures refer to Polyporus squamosus (Huds.) Fr. 

PLATE XVIII 

Fig. 1. Inoculated pear wood blo<‘k on malt-agar slant showing a series of dark lines in 
the luxuriant mycelium. Description in text, x J. 

Fig. 2. Papillae produced at the margin of a malt-agar slant, x J. 

Fig. 3. Inoculated sycamore block showing the formation of the black line to include the 
cotton- wool at the base. Note the copious exudation of dark -coloured drops, x J. 
Fig. 4. A group of oidia stained with erythrosin. The thick wall and granular contents 
can be seen, x 350, 

Fig. 5. The initial stages of black line formation in malt-agar culture. Note the palisade 
structure with the hyphae composing it all derived from one side, x 3.50. 

Fig. 6. Section through the black line in wood from Yate. The typical massing of the 
bladder hyphae can be seen, x 3.50. 

Fig. 7. Inoculated ash wood block after 5 weeks showing black lines and ovals. The 
superficial mycelium was removed before photographing, x 

PLATE XIX 

Fig. 1. Culture on potato -dextrose agar. Note the dark plate covering the hyaline mycelium 
and the abnormal fmctification at the upper end of the culture. Both are dusty in 
appearance due to the formation of oidia. x |. 

Fig. 2. Four months old cultures on malt-agar slants showing abnormal fructifications and 
the formation of papillae at the side of the slant and on one of the fructifications, x |. 
Fig. 3. Culture on “C” medium showing bracket -shaped body developed after 5 weeks’ 
incubation, x f . 

Fig. 4. A later stage of the culture shown in fig. 3. Note the production of a number of 
curious, abnormal fructifications with finger-like projections. See text, p. 467. x {. 

(Received 7 December 1936) 
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A STUDY OF F0ME8 FRAXINEUS AND ITS 
EFFECTS ON ASHWOOD 

By H. B. S. MONTGOMERY 

From the Department of Plant Pathology^ Imperial College 
of Science and Technology^ London 

(With Plate XX and 5 Text-figures) 

Introductory 

Fomks fraxinevs (Bull.) Fr. has a fairly wide distribution, being found 
in Europe and the United States of America. Lloyd C) reported the 
fructifications as common in Europe on ash, apple and locust. According 
to Rea (13) the fructifications are uncommon in Britain, though they do 
occur on ash and laburnum. MasseecS) listed it as present only on old 
ash trunks. Recently Nicolasiii) described a case where he had found a 
fructification on elm at Toulouse, France. In the United States of 
America it has been reported by Kaufman(<‘) on ash in Michigan, in all 
cases on old stumps, also by Overholts (12) in Ohio, Illinois and Iowa on 
ash, and by Murrill(H)) in New York and Louisiana on trunks and stumps 
of sweet gum (Liquidarnbar styraciflua L.) and peach, in addition to ash. 
Baxter (2) stated that it had been seen on oak and maple also, in Michigan. 
The fungus is not known to occur on coniferous wood. In the living tree 
the fungus causes a rot confined to the heart wood, but on the death of 
the tree, as when it is cut and worked, the fungus invades both sap and 
heart wood, causing a white rot. At the Forest Products Research 
Laboratory, Princes Risborough, the fungus has been isolated from the 
ash wood of a motor-bus body. 

The sporophore of the fungus was not found by the author, but it 
has been fully described by Rea(i3) as follows: ‘ Pileus 7 -25 cm. whitish 
becoming ruliiginous and fuscom, applanate, dimidiate, sometimes 
imbricate, glabrous, often coarsely tuberculated, margin incurved, 
pubescent at first. Tubes joufc cinnamon 5-25 mm. long, stratose; orifice 
of pores white, becoming greyish, minute, round or oblong. Flesh yellowish, 
somewhat zoned, soft becoming hard and w^oody. Spores white subglobose 
5-7 X 6p.. Smell often strong, Jan.-Dee.” Fomes fraxinus is synonymous 
with Polyporus incanus (Qu61) and Fomes cytisinus (Berk.) Massee, 
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Lloyd (7) considering the latter name to be the more correct one. The 
fungus is closely allied to F, ulmarius and has been confused with 
F , fraxinofhilus in the U.S.A., but it is considered a distinct species by 
Von Shrenk(i4). 

Little work of an experimental nature has been done on the fungus, 
Baxter (2), alone, having described its appearance in culture. He gives 
a review of the literature relating to its occurrence in the field, and from 
his experiments he reports that little damage was done to ashwood by 
the fungus in three months. 

The present investigation was suggested by the Mycology Department 
of the Forest Products Research Laboratory, Princes Risborough, to add 
to the existing knowledge of the organisms commonly attacking ashwood 
in this country. A culture was obtained from Princes Risborough, which 
had been originally cultured from a sporophore found on a living Robinia 
pseudctcacia L. (locust tree). This culture was subcultured on to malt 
agar (3 per cent. Kepler's malt extract 2 per cent, agar) on which the 
fungus grew satisfactorily. 

Experimental work 
Description of the fungus in culture 

The fungus was cultured on slopes of 2 per cent, and 5 per cent, malt 
agar in boiling tubes. 

On 2 per cent, malt agar the growth proceeds from the inoculum as 
fine, radiating hyphae appressed to the surface of the medium. As time 
proceeds the mycelium thickens on the medium forming a snow wliite, 
subfelty to felty layer. At no time are aerial hyphae common. Branching 
of the hyphae is not frequent and only occurs at some distance from the 
growing-point and the new branch grows closely beside the parent hypha, 
not spreading sideways much but tending to a more or less parallel 
growth. When the culture was 1 week old, the centre had become coloured 
Cartridge Buff^ (Hidg.) with parts showing Pale Pinkish Buff, At the 
end of a fortnight the colour had lightened, the growth finally forming 
a more or less white mat. This mat of mycelium had now covered the 
surface of the slant but did not extend much into the medium, being 
mainly limited to the surface. At the end of the third week, pore surfaces 
were forming at the upper end of the slope over an extensive area. These 
pores originated as small depressions scattered over portions of the 
mycelium, and later growth caused them to become somewhat deeper. 

^ Colour names in italics are from Ridgeway's Co^r Standards and Colour Nomenclature, 
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On 5 per cent, malt agar the growth proceeds in a very similar 
manner but at all times it is more compact. This is especially evident in 
the purer white appearance of the young culture. At the end of the 
first week the centre of the culture had become similarly coloured to that 
on 2 per cent, malt agar, but in this case the colour deepened so that at 
the end of a fortnight the colour was Wood Brown with a zone of Pale 
Pinkish Buff remaining at the lower end of the slope. This mat-like 
mycelium now covered the slope, being mainly present on the surface 
of the medium. At the end of 3 weeks pore surfaces were developed at 
the upper end of the slope in a number of tubes. These pore surfaces 
were more limited in area than those on 2 per cent, malt agar and were 
first formed as raised cushions of compact hyphae Pale Pinkish Buff 
in colour. The pores began as a series of depressions on the surface of 
these cushions, later extending some distance into them in a direction 
parallel to the force of gravity. 

The fungus on both concentrations had a pronounced odour similar 
to that of Agaricus campestris (common mushroom). 


Microscopic details of the hyphae 

The young hyphae were dense and unvacuolated, averaging 2-5/x in 
diameter. Branching did not appear until about 700 p from the growing 
tip, and generally clamp connexions were also absent from this region. 
The branches emerged from just behind the septum. 

The mature hyphae were of two types, (a) aerial hyphae, (6) submerged 
hyphae. 

(а) The aerial hyphae were vacuolate, and hyaline with thick walls 
and little branching. The diameter of these hyphae varied very slightly, 
being generally 2p. Cross walls were not seen except in hyphae close 
to the agar surface, 

(б) The submerged hyphae were vacuolate, septate and had many 
clamp connexions. They varied considerably in diameter from less than 
1 pup to 4 /X, but the majority averaged 1 •5-2-Op. Branching was common. 
Many chlamydospores were present, generally being more numerous near 
the surface of the medium. They measured on average 13 x lOp, extremes 
measuring 19 x 10-5 p and 10-5 x 9p. The chlamydospore often appeared 
as a double spore without a dividing wall in the middle. The hyphae and 
chlamydospores contained many oil drops. The submerged type of 
hyphae was also found on the surface of the medium below the fibrous 
aerial hyphae. 
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The clamp connexioiis were of the usual type, and the “medallion” 
type found in many other wood-rotting basidiomycetea was absent. No 
crystals were found on the hyphae, but oblong and cubical crystals were 
common in the medium surrounding the hyphae. The crystals appeared 
as soon as the mycelium became dense. 

Microscopic details of pore surfaces 

Some of the pore surfaces, developed on the 5 per cent, malt agar, 
were fixed in acetic alcohol and imbedded in paraffin wax. Sections, 
10 /Lt (approx.) thick, stained in Delafield’s haematoxylon, showed clearly 
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Text-fig, 1. Baaidia with baaidiospores prcxluced in artificial culture. 

that typical basidia, each bearing four basidiospores, were present. This 
is contrary to the observations made by Baxter (2) who reports that only 
secondary spores were produced in the pores. None of these secondary 
spores were seen by the author. 

The pore surfaces in culture varied in size from small cushions of 
mycelium with an average diameter of about 5 mm. up to large flat areas 
extending over almost the whole surface of the culture. The pores were 
oval with an average mean diameter of 0-24 mm. The longer axis of the 
orifice of the pore varied from 0*39 to 0*19 mm., and the shorter axis 
from 0*28 to 0*14 mm. In the case of one such pore surface there were 
twelve pores in a circle of 2 mm. diameter. The basidia ranged from 
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5 to 10ft in diameter (at their widest point), with an average of 6 ft, and 
their length was more than 1 1 ft. This length was not accurately deter- 
mined owing to the bases of the basidia being obscured in the very 
compact hymenium. In any single section only a few of the basidia were 
fully mature and bearing basidia at one time. The basidiospores were 
oval and measured 4*4 x 4-Oft as an average, while extremes were found 
from 6-0 x 7*5 ft to 3-0 x 4*0ft. The hyphae present in the context ranged 
from 1-7 to 3*4 ft, with an average of 2*3 ft. 

Monobasidiospore cultures 

Single spore cultures were obtained from basidiospores by a modifi- 
(*ation of the method used by Bo8e(i) with fructifications. Petri-dish 
cultures bearing pore surfaces were left in an inverted position until the 
spores discharged on to the lid — generally 12-24 hours. Some spores 
were then removed from the hd with a sterile needle and streaked on a 
plate of 3 per cent, malt agar. This transference of the spores was 
facilitated by the presence of a small amount of water of condensation 
on the lid. The process was repeated a number of times and the plates 
incubated. Most of the spores germinated within 24 hours, and mono- 
sporous mycelia in isolated positions were transferred to tubes of malt 
agar. Six days elapsed from the time of inoculation until these primary 
hyphae became visible to the naked eye. In all, ten monosporous 
cultures were obtained and labelled A K. 

The growth characters of one of these monosporous cultures (E) and 
of the original diploid culture were compared on 2 and 5 per cent, 
malt-agar slants in boiling tubes. At both concentrations, the basidio- 
spore culture grew more profusely, forming a woolly mycelium which 
covered the slant in 3 weeks. The colour of the basidiospore culture was 
slight and finally ranged from Capuane Buff to PaU Ochrace^us Buff, 
Variation in the appearance of these monospore cultures suggested 
a grouping on this basis. Thus cultures B, F, H and K showed a sparse 
fluffy growth, while A, C, D, E, G and I showed thick fluffy growth. 
It was found that no correlation existed between this grouping and the 
grouping according to sexual reaction. 

To divide the cultures into their respective sexes a series of 100 Petri 
dishes of 3 per cent, malt agar was inoculated with all the possible 
pairings of these monospore cultures in duplicate. When the mycelia 
from the two inocula in each dish had intergrown, after approximately 
3 weeks, thin vertical sections were cut from the region of intermingling 
and stained with cotton blue in lactophenol, which picked out the hyphae 
Ann. Biol. ‘Xxm 31 
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very plainly, rendering clamp connexions clearly visible when present. 
The presence of clamp connexions was taken to indicate a successful 
pairing resulting in a diploid mycelium. The result of this experiment is 
shown in Table I. 

Table I 




Experimental pairing of monospore cultures 




A 

F 

G 

c 

H 

K 

B 

E 

D 

I 

A 

0 

0 

0 

4- 

4- 

-h 

0 

0 

0 

0 

F 

0 

0 

0 

4- 

4- 

■f 

0 

0 

0 

0 

G 

0 

0 

0 

+ 

4* 

+ 

0 

0 

0 

0 

C 

-h 

4- 

4- 

0 

0 

0 

0 

0 

0 

0 

H 

-H 

+ 

4- 

0 

0 

0 

0 

0 

0 

0 

K 

-H 

-f 

4- 

0 

0 

0 

0 

0 

0 

0 

B 

0 

0 

0 

0 

0 

0 

0 

0 

4- 

4- 

E 

0 

0 

0 

0 

0 

0 

0 

0 

4- 

4- 

D 

0 

0 

0 

0 

0 

0 

-f 

+ 

0 

0 

I 

0 

0 

0 

0 

0 

0 

4- 

-h 

0 

0 


Each + represents a successful pairing resulting in a diploid mycelium. 
Thus there are at least four different tj’pes of basidiospore. This indicates 
a two-factor basis of sex determination, possibly of the Aa Bb type as 
is found in Coprinus lagopus and in many other basidiomycetes. This 
seems to be further supported by the fact that 26 per cent, of the 
pairings produced diploid cultures. When two factors are concerned 
25 per cent, of the pairings are successful. 

Factors influencing the production of fructifications 

Medium, 

The following range of media was prepared ; 2 per cent, malt-extract 
agar, potato-extract agar (200 g. potato per litre), prune-extract agar 
(20 g. prune per litre), oatmeal agar (60 g. ground Quaker Oats per litre) 
and ashwood-extract agar (50 g. fine shavings of ashwood per litre). All 
these were sterilized by autoclaving for 20 min. at 15 lb. pressure, and 
six plates of each were poured. When cold these were inoculated in the 
centre with the fungus, and at the end of 1 month at room temperature, 
in the light, the following observations were made : 

2 per cent, malt^-extract agar. A ring of pore surfaces formed in each 
plate at a distance of approximately 2 cm. from the inoculum. Basidio- 
spores produced. 

Ashtoood-extract agar. Vigorous mycelial growth but no pore surfaces. 

Potato-extract agar. Sparse mycelial growth forming very diffuse pore 
surfaces in all plates, few pores being fully formed. The appearance was 
more of knots of hyphae. No basidiospores were observed. 
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Oatmeal agar. Very vigorous mycelial growth forming a thick felt 
with pores appearing as minute corroded pits scattered on the surface. 
No basidiospores were observed from these pores. 

Prune-extract agar. Vigorous growth eventually forming an unevenly 
thickened felt. A very well-developed pore surface producing basidio- 
spores was formed on one of the plates, but no pore surfaces were 
developed on the other plates. 

A prune-extract agar was prepared with the addition of an aqueous 
extract of barley, as it was thought that the soluble proteins of barley 
might aid sporophore production. No pore surfaces were developed on 
this agar. 

A prune-extract agar prepared according to the method of Mounce(9), 
1 litre containing extract from 120 g. of dried prunes, supported vigorous 
mycelial growth, and extensive pore surfaces and basidiospores were 
produced at laboratory temperature ( ± C.) in the light. 

Mointure following desiccation. 

Some old cultures, 5| months old, which had been allowed to become 
hard and dry were used as inoculum for inoculating fresh 2 per cent, 
malt-agar slopes. Pore surfaces were produced in some cases, but not 
more frequently than was usual with normal inoculum. 

Light and temperature. 

A series of cultures on 2 per cent, malt agar in boiling tubes was 
subjected to a variety of treatments as shown in Table II. Most of the 
cultures eventually produced pore surfaces irrespective of the treatment 
they had received. 

Table II 


Effect of temperature and light 



Number 
of rep- 
licates 


Illu- 

mination 

Ob8er\*ations on 



Temperature 

23 Feb. 

24 May 

5 Nov. 

A 

6 

Room temp, (about 
18^0.) 

Light 

Culture not coloured 

No fruct. 

Fruct. in 4 

B 

6 

Room temp, (about 
18° C.) 

Dark 

Culture not coloured 

No fruct. 

Fruct. m 5 

C 

6 

25° C. for 14 days, 
then about 18° C. 

Light 

Culture coloured 

No fruct. 

Fruct. in 6 

D 

6 

25° C. for 14 days, 
then about 18° C. 

Dark 

Culture coloured 

No fruct. 

Fruct. m 4 


The presence of colour in C and D seems to be due to a staling action. 
These cultures had grown more rapidly than the others of the series 
because they were incubated at 25"* C. 
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During the period from September 1933 to May 1934 no fructifications 
were produced on any of the cultures (with the exception of one culture 
on prune-extract agar prepared according to Mounce(9)). No adequate 
explanation for this can be put forward, as they were readily obtained 
during the period February 1933 to September 1933. The culture does 
not seem to have ‘‘gone off"’ through age, as fructifications were again 
produced during the summer of 1934. 

Effect of temperature upon the rate of growth 

A series of Petri dishes containing 25 c.c. of 2 per cent, malt agar 
(pH 6-8) was inoculated with transplants, measuring approximately 
4 mm. square, from a young Petri-dish culture of the fungus. 

Three dishes were placed in incubators at each of the desired tem- 
peratures, and measurements of the increments in average diameter of 
each culture were made daily. Since these increments were very variable 
for the first 3 days the results presented in Table III omit these increments 
from the average. 

Table III 

Effect of temperature on rate of growth. Average daily increment 
in diameter for each temperature 

Temperatare in ® C. 10 15 20 25 26 28 31 33 

Rate of growth in mm. per day 1 0 2-4 4 0 8-2 8-6 8-3 3 7 0-0 

Thus the optimum lies about 26° C. and the maximum at 33° C. 
No attempt was made to determine exactly the lower limit for growth, 
but it was found that growth was very slow below 10° C. The figures 
show that the fungus would be classed as moderately quick growing on 
agar as compared with other wood-decaying fungi. 

In a comparative test it was found that both diploid and haploid 
cultures showed the same growth-rate. This is contrary to what Buller(5) 
states, i.e. that the diploid culture grows tw'ice as fast as the haploid. 
Both cultures grew more rapidly than Fomes fraxinophilus. 

Effect of hydrogen-ion concentration upon the rate of growth 

A 2 per cent, malt agar was prepared and either malic acid or sodium 
carbonate added to 100 c.c. portions so that a range of pH from 2*0 to 
9*6 was obtained. Four Petri dishes, each containing 25 c.c. of medium, 
were poured with each portion. When these media had solidified each 
dish was inoculated in the centre with a 4 mm. square of culture of the 
fungus and incubated at 20° C. The daily increments were averaged and 
are presented in Table IV. 
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T able IV 

Effect of hydrogen-ion concentration upon the rate of groiath. Average 
daily increment in diameter for each 

pH 2-4 3*5 4*0 50 60 6-8 70 80 9-2 9*4 

Rate of growth in 0 0 1*4 3*5 4-4 6*5 5*3 6 0 4-3 0-6 0-0 

mm. per day 

From this range it will be seen that pH 6*0 gave the optimum growth. 
The daily increments were observed to increase as the culture became 



0 10 20 30 40 50 60 70 80 


Age of culture in days 

Text-fig. 2. Graph showing changes in pH of two series of 2 per cent, malt extract 
cultures during the growth of the fungus. 

older in all cases where the pH w^as 6 or over, and to decrease with age 
where the pH was below 6. The final pH of each of the cultures was 
determined by a colorimetric method, and it was found that the hydrogen- 
ion concentration had risen in all. For this reason the growth figures 
presented do not express exactl}" the growth rate at the pH stated and 
are merely comparative. 

To investigate the changes in pH undergone during the growth of 
the fungus, six flasks, each containing 60 c.c. of 2 per cent, malt-extract 
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liquid were sterilized by autoclaving, and the pH of the extract was found 
to be 6-8. The pH of three of these flasks was then adjusted to 5*6 by 
the addition of small quantities of 10 per cent, malic acid solution 
(sterile). Each was then inoculated with 4 mm. squares of F, fraxineus 
culture, care being taken not to allow any of the inocula to become 
submerged. Each week small amounts of the medium were withdrawn 
and the pH determined. These readings were averaged for each set of 
three and plotted on a graph (Text-fig. 2). It will be seen that the 
hydrogen-ion concentration rises for the first fortnight and then com- 
mences to fall until the cultures become near or even slightly alkaline. 
It is suggested that after 2 weeks some autolytic process goes on with 
the formation of NH3 which causes a reduction in the concentration 
of hydrogen ions. 


Enzyme study 

The fungus was grown for 1 month in conical flasks containing 
2 per cent, malt-liquid medium. The mycelium was collected and washed 
thoroughly in running water for several hours. This washing was followed 
by a short washing in distilled water and the mycelium was then dried 
in a desiccator and finely ground with an equal weight of silver sand in 
a mortar. An enzyme extract was prepared from this powder as required, 
by suspending 1 g. of the powder in 100 c.c. of distilled water and leaving 
it for 2 hours with frequent shaking. The suspension was then centrifuged 
and the clear liquid decanted. For all the following tests with this 
extract a control extract was prepared by autoclaving a portion of the 
enzyme extract. The results have been summarized in Table V. 

Table V 


Production of enzymes by the fungus 


Enzyme 

Substrate 

Test 

Reaction 

Hydrolysing enzyme 

1 % starch solution 

Reduction of Fehling's solution 

-I- 

(diastase) 



Hydrolysing enzyme 

Hemicellulose 

»» »* »» 

- 

Hydrolysing enzyme 

(paragalactan) 
Alpha cellulose 

»» »» »> 

_ 

Glucoside splitting enzyme 
(emulsin) 

Qlneoside splitting enz 3 me 

Amygdalin 

ft tf tt 

+ 

Salicin 

ft ft ft 

7 

(emulsin) 

Invertase 

1 % sucrose 

t* tf ft 

+ 

Zymase 

1 % glucose 

Production of CO, 

+ 

Pectinase 

Potato discs 

Loss of cohesion 

+ 

Catalase 

Hydrogen peroxide 

0, formation 

Blue colour 


Oxidase 

Ouaiacum -f H,0, 

-f- 

Peroxidase ' 

Guaiacum 

Blue colour 

+ 

Lipase 

Olive oil 

Formation of glycerol 
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Where a plus sign occurs in the “Reaction” column it indicates that 
the enzyme extract gave a more vigorous action than the control, 
indicating the presence of the particular enzyme tested for. A minus 
sign indicates no action more vigorous than the control and suggests the 
absence of the enzjrme sought. 

It will be seen that the predominating enzymes are of oxidizing and 
hydrolysing nature, and that the oxidizing are the more abundant. 

Effect of nitrogen on the activity of the enzymes 

As it had been noted that the fungus could grow on a variety of 
artificial media and also on many timbers under laboratory conditions, 
although it is confined to only a few timbers under natural conditions, 
experiments were made to ascertain whether nitrogen might be the 
limiting factor for the growth of the fungus. Since the decay of wood is 
thought to be effected mainly by hydrolysing and oxidizing enzymes, 
a representative of each of these two groups was tested, diastase and 
oxidase being selected as the test enzymes. In all cases the enzyme 
extract was prepared from powdered mycelium. 

The fungus was grown on liquid synthetic media made to standard 
formulae, in which the quantity of nitrogen was varied, but growth was 
poor on all. The media included Brown’s, Box's and Czapek’s Solution II. 
The latter, modified by the use of neutral potassium phosphate (K2HPO4) 
instead of the acid potassium phosphate (KH2PO4), gave a pH of 7-0 and 
supported the best growth. The sources of nitrogen included asparagin, 
sodium nitrate and ammonium nitrate used at various concentrations. 
The activity of the diastase was determined by the hydrolysis of starch, 
while the activity of the oxidase was determined by a comparison of the 
rates at which gum guaiacum was turned blue. Both methods gave 
comparative results only. 

The indications from these experiments were that the complete 
absence of nitrogen caused a great decrease in the activity or the amount 
of the enzymes studied, but that increasing the amount of nitrogen at 
the concentrations tested had no effect. The lowest concentrations of 
nitrogen sources tested were 0*05 per cent, asparagin, 0*05 per cent, 
sodium nitrate and 0-025 per cent, ammonium nitrate; thus the con- 
centrations where nitrogen is a limiting factor probably lie below these 
concentrations. The effect of nitrogen on the activity of the enzymes 
seemed to be correlated with its effect on the growth of the fungus. 
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Resistance to fungicides 

The resistance of the fungus to fungicides was determined by means 
of agar tests, using Fomes fraxineus as the test fungus. The preservatives 
used were zinc chloride, sodium fluoride and coal-tar creosote (British 
standard specification type A), and in each case various quantities of 
the preservatives were added to 20 c.c. portions of 2 per cent, malt 
agar after autoclaving and the total volume of mixture made up to 
25 c.c. by the addition of water. This mixture was then poured into Petri 
dishes and inoculated, when cold, with small transplants (5 mm. square 
approx.). Each experiment was done in four replicates. The concentra- 
tions varied from 0*005 to 2*2 per cent, for zinc chloride, 0*005 to 
0*5 per cent, for sodium fluoride and 0*04 to 0*4 per cent, (by weight) for 
creosote. The toxic point was taken as the concentration at which no 
growth occurred, and these results are summarized in Table VI. 

Table VI 

Resistance of the fungus to preservatives in agar culture 

Zinc chloride Sodium fluoride Coal-tar creosote 

O/ 0/ O' 

/O /o /O 

Toxic point 01 0 09 01 6 

Next concentration at which 0-07 0 08 0*12 

growth occurs 

From the figures in Table VI it will be seen that F, fraxineus is only 
moderately resistant to antiseptics and should be fairly readily controlled 
by the use of them. 


Growth of the fungus upon wood 

Ashwood placed on a culture of the fungus on agar rapidly became 
covered with a white felt of mycelium which could be easily stripped off 
in a sheet resembling soft kid leather, leaving the wood below quite 
clean. Even in late stages of decay there is little appearance of the decay 
on the surface except for some shrinking and longitudinal splitting on 
drying, but the interior of the block becomes much rotted, showing a 
characteristic “brashness”. 

Small blocks of ashwood {Fraxinus excelsior L.) were used as sub- 
stratum for the fungus to determine the rate of decay under certain 
conditions. The ashwood, obtained through the Forest Products Research 
Laboratory, Princes Risborough, came from a tree grown on poorly 
drained soil at East Moor, Mapledurwell, Hants, and felled on 20 Decem- 
ber 1932. The samples used were all sound and were obtained from the 
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main trunk about 4 ft. above ground-level. In cutting up the wood, 
sapwood (5), heartwood {H) and intermediate wood {M) were kept 
separate. Small samples measuring 3 x 1 x ^ in. were cut from these 
regions. From wood between these areas larger pieces were cut 
6 X X ] J in. and 6 x 3 x J in. This method of cutting is indicated in 
Text-fig. 3. 



pieces 

6'xl}-,lJ' 6'xJ'xJ' 

Text-fig. 3. TranBverBe section of trunk. 


Growth upon seasoned and unseAisoned nshwood 

As the wood was quite fresh when received, some 2 months after 
felling, the decay of the fresh wood was compared with the decay of 
some of the same wood seasoned for 2 months in the laboratory. 

Two pieces, 6 x 3 x i in., were sawn up as shown in Text-fig. 4. 



Text-fig. 4. 
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Both sets of test samples (a, 6, c, d, e,/) were weighed and autoclaved 
for 20 min. at 15 lb. pressure, then placed on cultures of the fungus in 
boiling tubes and incubated at 26® C. The moisture content of the thin 
strips of wood {X, X, X) was determined and the oven-dry weight of the 
test samples calculated by assuming that they had the same moisture 
content as the small strips {X, X, X) from the same piece. It was realized 
that this method only gives an approximation. At the end of 3 months 
at 26® C. the blocks were taken from the cultures and the surface 
mycelium removed. They were then weighed, dried in the oven and 
weighed again. In Table VII the percentage loss of dry weight is shown 
and also the final moisture content expressed as a percentage of the dry 
weight. The average loss of dry weight is seen to be 10 per cent. 

Two other pieces, 6 x 3 x ^ in,, were also sawn up in the same way 
at the same time as the previously mentioned pieces, but the test samples, 
in this case, were kept exposed in the laboratory for 2 months to season 
them. They were then dried in the oven and weighed. The moisture 
content of each block was adjusted to approximately the same as that 
of the fresh specimens by the addition of a suitable amount of distilled 
water, which was readily absorbed. They were then treated as before and 
at the end of 3 months weighed as before. These figures are shown in 
Table VIII. The average loss of weight in this case was 6-5 per cent. 
This shows a considerable decrease in the amount of decay caused in 
seasoned as compared with unseasoned wood under the conditions of 
the experiment. 

Table VII 

Percentage loss of weight during 3 months of fresh 
ashwdod blocks 2 x 1 x ^ in. 

Combined 


Sample 


a 

b 

c 

d 

e 

/ 

Aver- average % 
age loss oi wt. 

Piece 1 

% loss in dry wt. 
Pinal % moisture 

7-5 

36-2 

16-5 

12M 

110 

66-6 

74 

804 

9-2 

05'8 

8-7 

67-0 

101 ) 

100 

Piece 2 

% loss in diy wt. 
P^al % moisture 

12-6 

56*3 

7-7 

63-6 

93 
123 1 

10-7 

44*2 

94 

614 


9-9 1 


Table VIII 

Percentage loss of weight during 3 months of ashwood blocks 2 x 1 x J in. 

seasoned for 2 months 

Combined 


Sample 


a 

6 

c 

d 

c 

/ 

Aver- avera^ % 
age loss of wt. 

Piece 1 

% loss in dry wt. 
f^nal % moisture 

44 

73-6 

6-6 

76-3 

7-6 

87'9 

4-8 
83- 1 

64 
70- 1 

7-9 

96-2 

61 1 

1 

6-6 

Piece 2 

% lose in dry wt. 
Pinal % moiBtore 

74 

77-3 

81 

86-6 

4-9 

75-7 

8*9 

97*0 

6-9 

73-8 

5-3 

67-3 

6*9 J 
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Orowth upon sapwood, heartwood and intermediate wood 

Sample blocks of ash wood measuring 3 x 1 x | in. obtained from 
regions S, M and H (see Text-fig. 3) were used in this experiment. Before 
use some of the wood from each region was inspected for starch by 
staining the surface of the wood with several drops of iodine solution. 
It was found that the sapwood (S) showed a deep blue colour, the 
heartwood {H) showed no blue colour, while the intermediate wood (M) 
showed a very slight bluishness. Sections 15-20/x were cut on a Jung 
sliding microtome and starch grains were observed plentifully in the 
medullary ray cells and companion cells of the sapwood. Some of the 
oells were completely filled with starch grains. In the heartwood sections 
no starch grains were seen, and in the intermediate wood a few starch 
grains were visible in the medullary ray cells but not elsewhere. Tyloses 
were seen in some of the vessels of the heartwood but were not common. 

The sample blocks were then numbered, oven-dried and weighed and, 
after autoclaving, were placed on active cultures covering the surface of 
2 per cent, malt agar in potato dishes. To obviate the large variations in 
age from place to place on these cultures that would have resulted from 
the use of a single inoculum on the agar at the start, a number of 
inoculations had been planted over the surface of the agar at intervals 
of approximately 2 in. This gave a complete cover of mycelium within 
1 month. Decay of the wood was permitted to go on for periods of 
2, 4 and 6 months, at 26° C., and uniform conditions for each period of 
testing w^ere maintained by placing all the blocks for each period in a 
single potato dish. Thus each of the three potato dishes contained six 
blocks of sapwood (S), six of heartwood (H) and six of intermediate 
wood {M). The blocks were arranged standing on one narrow^ side, and 
care was taken to see that every block was in contact with the surface 
of the culture. 

At the end of 2 months all the blocks were removed from one of the 
potato dishes, oven-dried and weighed and the loss in dry waight 
calculated. By an oversight a weighing of the blocks before drying was 
omitted, and so the final moisture content of these blocks could not be 
found. In the subsequent series, removed at 4 and 6 months, this 
weighing was carried out. The results of this experiment are given in 
Table IX. 

It will be seen from Table IX that although the sapwood lost weight 
during the first 2 months to the extent of 6*9 per cent., the intermediate 
wood lost only DS per cent, and the heartwood only 0*6 per cent, in the 
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Table IX 

Decay of ashwood samples 3 x 1 x J in. during 2, 4 and 6 months 
Sapwood Intermediate wood Heartwood 


Duration 

% loss 

Final % 

% loss 

Final % 

% loss 

Final % 

of decay 

of wt. 

moisture 

of wt. 

moisture 

of wt. 

moisture 

2 months 

5*9 



1-6 



0-6 

— 


7-2 



0-6 

— 

0-8 

— 


6-6 

— 

1-3 

— 

0-1 

— 


5-9 

— 

1-0 

— 

0-7 

— 


IM 

— 

2-1 

— 

0-7 

— 


6-7 

— 

2-1 

— 

0-9 

— 

Average 

69 


15 


0-6 


4 months 

16-2 

100-2 

13-0 

100-6 

7-6 

71-8 


14-4 

113-7 

11-0 

78-2 

7-3 

76-0 


161 

126-8 

10-3 

88-6 

10-4 

110-6 


15*9 

118-8 

10-3 

78-5 

7-6 

73-2 


15-9 

119-6 

10-6 

88-9 

7-6 

74-6 


15-7 

106-7 

8-9 

66-3 

8-9 

97-2 

Average 

15*5 


10-7 


8-2 


6 months 

17-7 

55-7 

11-8 

49-2 

10-3 

45-7 


16-4 

52-4 

13-0 

51-5 

8-5 

46-9 


19*7 

68-8 

16-9 

60-2 

14-5 

57-8 


22*4 

71-5 

14-0 

51-8 

13-9 

64-5 


19-9 

65-7 

11-8 

50-2 

19-1 

86-6 


17-3 

54-2 

16-9 

55-9 

15-7 

52-2 

Average 

189 


141 


187 



same time. This large difference in the loss in weight was not maintained 
during subsequent months. Thus, if the percentage weight lost in the 
first 2 months is subtracted from the percentage weight lost in 4 months, 
it will be seen that the decay in the second 2 months was fairly uniform, 
being 8-6 per cent, for sapwood, 9*2 per cent, for intermediate wood and 
7*6 per cent, for heartwood. By a similar calculation the figures for the 
final 2 months can be found and they are 3*4 per cent, for sapwood, 
3-4 per cent, for intermediate wood and 5-5 per cent, for heartwood. 

The initial high loss in weight in sapwood caused by the fungus seems 
to be correlated with the presence of starch in the wood. When the 
supply of starch is exhausted the loss in weight is not significantly 
different for sapwood, heartwood or intermediate wood. 


Growth upon other woods 

Small blocks of various woods not generally attacked by the fungus 
were oven-dried and weighed, then autoclaved and placed on cultures 
of the fungus in special culture flasks and left to incubate at 26° C. for 
3 months. The blocks were then removed, weighed, dried and re weighed. 
It was found that the fungus could cause considerable decay in all the 



H. B. S, Montgomery 481 

woods tested aod the summarized results are presented in Table X, each 
figure being the average of six blocks. 

Table X 

Average loss of weight of autoclaved wood samples after 3 months 



Average 

Average % 

Average % 


dry wt. 

moisture (final) 

loss of wt. 

Oak (sap) 

6-24 

66*9 

4*9 

Oak (hoait) 

9-71 

40*3 

M 

Sitka spruce 

4-53 

55*5 

1*8 

Beech 

14*55 

46*2 

9*3 

Scot’s pine 

6*44 

32*8 

4*5 

Elm (sap) 

6*97 

36*9 

9*3 

Elm (heart) 

7*35 

67*2 

3*3 


Since it was considered possible that the autoclaving was altering 
these woods fundamentally, blocks of each of these woods were placed 
standing on a pad of absorbent cotton-wool saturated with water in a 
bottle and were sterilized by steaming for 1 hour on three successive 
days. The blocks were then inoculated with a single small piece of 
mycelium from an agar culture inserted between them and incubated 
at 26° C, At the end of 8 months it was found that all the woods had 
lost weight, as shown in Table XL The final moisture contents of the 
woods were irregular, and this seems to have been influenced by the 
relative amounts of decay. The figures are only of interest inasmuch as 
they show that some loss of weight occurred in each case. 

Table XI 

Los^ of weight of s( com- sterilized wood samples after 8 months 



Dry wt. 

moisture 

(final) 

loss of 

Oak (heart) 

9 m 

20*0 

5*3 

Sitka spruce 

4*59 

38*8 

4*0 

Beech 

9*93 

126*0 

39*2 

Scot’s pine 

5*47 

74*2 

16*1 

Elm (sap) 

«*41 

141*9 

33*4 

Elm (heart) 

7*46 

92*5 

18*4 


Growth vpon Robinia pseudacacia 

Two samples of Robinia pseudacacia, one an old specimen from Kew 
and the other an air-dried specimen from the Forest Products Research 
Laboratory, were sawn into blocks 10 x 2*5 x 1*5 cm. After drying they 
were weighed, autoclaved and placed on cultures of the fungus. After 
3 months* incubation at 26° C. the final moisture content and the loss 
of weight were found. Those figures are summarized in Table XII, each 
figure being the average of five blocks. It is interesting to note that 
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although this culture of the fungus was originally isolated from Robinia 
psendacaciaj yet it caused less loss of weight in this wood than in ashwood. 

Table XII 

Average percentage loss of weight of Robinia samples after 3 months 

Average Average final Avera^ % 

dry wt. moisture, % loss of wt. 

Kew BTOcimen 22*31 30*3 O*fi0 

F.P.R.L. specimen 18*39 35*9 0*70 

Appeararhce of the mycelium in wood and its effect on the wood cells 

Small blocks of ashwood, trimmed up to true radial, tangential and 
transverse faces, were autoclaved and placed on active cultures of the 
fungus. Sample blocks were removed at weekly intervals during a period 
of 2 weeks and sections were cut 15-20 /x thick with a Jung microtome. 
To facilitate the sectioning the blocks were soaked in a mixture of equal 
parts of glycerine, spirit and water for several days according to the 
method of Baxter (3). Penetration was assisted by evacuating the vessel 
with a vacuum pump for several minutes after the blocks were placed 
in the mixture. The sections were stained in safranin and picro-aniline 
blue. It was found that the fungus travelled freely along the vessels, 
forming a tangled mass of hyphae. From the vessels it spread through 
the wood in all directions, frequently penetrating the walls of the 
tracheids. It was in the medullary ray and wood parenchyma cells only 
that the hyphae were seen to utilize the pits; elsewhere any point in the 
cell wall appeared to be suitable for penetration. The hyphae ranged 
from 1 to 7/x, but the most common diameter was 2p. Chlamydospores 
were not commonly produced in the wood except in the vessels and 
especially at the exposed ends of the vessels, but at no time were they 
plentiful in these blocks. Typical clamp connexions were freely formed. 
In penetrating a cell wall the hypha first appears constricted to a very 
narrow thread in the wall, with an appressorium-like swelling against the 
surface of the wall. Later this hypha swells up to normal size and finally 
is seen lying loose in a bore hole somewhat larger than the hypha itself. 

The appearance of the decay caused by the fungus in various woods 

These blocks of wood varied in size from 2 to 3 c.c. and were placed 
on active cultures of the fungus for 4 months. The appearance of the 
blocks at the end of this period is as follows. 

Ash. Little or no sign of decay on the exterior, but the interior 
extensively rotted and crumbly, showing a typical ‘‘brash’’ fracture. 
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Beech, Soft and showing cracks running up the spring wood dividing 
off plates of summer wood. Great tendency for the wood to divide into 
fibres. 

Oak sapwood. Soft and spongy. Large vessels filled with hyphae so 
that they appear white, macroscopically. Colour of wood lighter with 
a tendency for the wood to divide into fine fibres. 

Oak heartwood. Loss of colour and softening of the exterior. The 
block was not spongy, however, and preserved its shape. 

Scot's pine, sapwood. Soft and spongy. Extensive rotting on exterior. 
Tendency to break into fine fibres. 

Sitka spruce. Firm with little sign of decay except for slight softening 
of exterior. 


Effect of moisture in the wood on the rate of growth of the fungus 

Rods of ashwood 6 x ^ x | in., cut with the grain, w^ere sterilized by 
autoclaving and then coated on their sides with paraffin wax. The ends 
were not coated. These rods were stood upright on an active culture of 
the fungus in a suitable vessel and incubated at 26° C. It was assumed 
that a gradient of moisture would be formed between the lower end in 
contact with the agar and the upper end exposed to the air. One piece 
of wood was removed each week and sawn into \ in. cubes, numbered in 
series. Each cube was then split in half (approx.) longitudinally and one 
half used to determine the moisture content. The other half of each 
block was assumed to have approximately the same moisture content, 
and it was soaked in the softening mixture and sectioned. The sections 
were examined for the spread and stage of growth of the fungus. 

During the first month the fungus scarcely progressed beyond the 
first cube. This slow growth was possibly caused by the relatively slow 
rate at which moisture passed up the wood. Thus, after I month, the 
moisture content of the wood in the third cube from the agar was only 
23 per cent., whereas the cube in contact with the agar had a moisture 
content of 113 per cent. Sections from later rods revealed the fact that 
vigorous growth prevailed between the moisture contents of 87*5 and 
36*4 per cent. In these rods many chlamydospores were present 
througJwJut the first cube, where the moisture content was 96-103 per 
cent., and few hyphae remained vigorous in this cube. Hyphae were 
also scarce where the moisture content was 36*4 per cent., and again 
chlamydospores were visible. Chlamydospores seem to be produced when 
conditions are either too dry or too moist for the hyphae to flourish. 
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This method has not given the desired information, as the fungus 
tended just to keep pace with the spread of moisture suitable for its 
growth. 

Lethal tem'perature 

Preliminary experiments with 1 -month-old cultures of the fungus on 
2 per cent, malt agar in tubes showed that there was considerable 
variation of the resistance of the fungus to heat. It was found that 
inocula from the upper end of a sloped tube, where drier conditions 
existed, were viable after longer periods of exposure to heat than inocula 
from the middle of the slope where more moisture was present. It is 
therefore important in all work of this kind that the inoculum should be 
taken from a standard position in the slant. 

From such tube-culture experiments the fungus was found to with- 
stand 40° C. for several days, but it was killed in 4 hours at 60° C., 
when the inoculum was taken from the middle of the slant. The time 
required to kill the fungus in timber may be longer and probably depends 
greatly on the moisture content. Further work has been done on these 
lines, and the results will be published separately. 

Summary 

1. An account is given of the occurrence and distribution of Fames 
fraxineus. 

2. The appearance of the fungus in culture and details of the hyphae 
are described. 

3. Fruit bodies, in the form of pore surfaces bearing basidiospores 
on typical basidia, were obtained. Monosporous cultures derived from 
these spores were found to be heterothallic, sex appearing to be deter- 
mined by two factors. 

4. The formation of fructifications is favoured by certain media but 
does not seem to be influenced by light, temperature or moisture. 

5. The optimum temperature for growth is 26° C., and the optimum 
hydrogen-ion concentration is 6. 

6. The fungus was found to be moderately resistant to zinc chloride, 
sodium fluoride and coal-taj creosote. 

7. A list of enzymes found to be present is given and some pre- 
liminary experiments on the effect of nitrogen on the activity of diastase 
and oxidase produced by the fungus are outlined. 

8. The growth of the fungus on ashwood and some other woods was 
investigated. The fungus grows well on ash, beech and elm and is able 
to attack oak, Scot’s pine, Sitka spruce and Robinia pseudacada, 
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A description of the hyphae in the cells of the wood and their effect upon 
the walls is given. 
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EXPLANATION OF PLATE XX 

Fig. 1. Pore surfaces forming on a 5 per cent. malt*agar slope (natural size). 

Fig. 2. Basidium bearing basidiospores, from a pore surface produced on 5 per cent, 
malt agar ( x 900). 

Fig. 3. Naturally occurring fructification of Fomes fraxineus formed on Robinia pseudacacia. 
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THE VIRUSES CAUSING TOP NECROSIS 
(ACRONECROSIS) OF THE POTATO 

By F. C. BAWDEN 

Potato Virus Research Station, School of Agriculture, 
Cambridge 

The naming of viruses on the basis of the symptoms that they cause in 
infected plants has been responsible for much of the confusion and 
apparent contradictions in potato-virus work. With the growth in 
knowledge of the viruses of the potato-mosaic group it has become 
increasingly obvious that it is possible for one virus to produce different 
types of symptoms in different varieties, and that similar symptoms may 
be caused by different viruses. The disease, if any, produced by infecting 
a potato with a virus appears to depend almost as much on the variety 
of the host as on the virus. Failure to appreciate this has resulted in 
numerous names being given to the same virus, and similar names to 
different viruses, merely because different workers have used different 
varieties. In this paper the alphabetical system of nomenclature, 
instituted for potato viruses by Smith (1931), will be followed, and terms 
such as streak, mosaic, crinkle, etc., will be used only to describe the 
condition of infected plants. 

Quanjer (1931) showed that the potato-streak diseases could be 
divided into two clinically distinct tj^es, which he called “acropetal 
necrosis” and “top necrosis” (acronecrosis). Acropetal necrosis is the 
common leaf-drop streak of the field, and appears to be caused only by 
virus “Y”, which Smith (1931) has shown to be transmitted by Myzus 
persicae Sulz. Virus “Y”, however, does not cause this disease in all 
potato varieties but, in certain varieties, causes mosaic or crinkle 
symptoms, and it is possible that some of the differently named potato 
viruses which have been found to be aphis transmitted were really 
virus “Y”. 

Quanjer (1931) has defined top necrosis on the basis of the internal 
symptoms of affected plants as “Necrosis radiating from only a small 
percentage of the internal phloem strands, almost never from the external 
phloem strands, into the surrounding parenchyma, this in turn surrounded 
by a cork cambium, except in the tender tips which are soon killed: 

32-2 
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occurring in foliage, stem and tuber.” Externally the disease is seen as 
a necrotic spotting of the uppermost leaves, which is usually followed 
by the death of the growing points and the dying back of the plant from 
the top downwards. The extent and rapidity of the destruction of the 
plant vary somewhat with the age of the host and the environmental 
conditions (Bawden, 1932). Although top necrosis is rarely seen in the 
field it can be induced in different potato varieties by several viruses 
which are thought to be distinct, and such viruses are frequently to be 
found in the field in varieties in which they are carried or produce 
diseases less severe than top necrosis. 

Virus “X” 

Although no insect vector is known for potato virus “X” (Smith, 
1931) it is the virus most frequently found in naturally infected potatoes, 
and few commercial stocks, other than those of the varieties Arran Crest, 
Epicure and King Edward, are free from it. The majority of varieties 
either carry virus *‘X” or, when infected, show interveinal mottles with 
but little dwarfing of the plant or deformation of the foliage. The 
varieties Arran Crest, Epicure and King Edward when infected either 
by needle inoculation or by grafting develop top necrosis and are killed. 
Plants in the second year of infection are acutely necrotic and soon die. 

Salaman (1933) has shown that virus ‘"X” occurs in strains varying 
in virulence, and that different strains may be present at the same time 
in infected plants. Samples of virus ‘‘X” have been obtained from a 
large number of potatoes, and these have given on tobacco (var. White 
Burley) symptoms varying from a barely perceptible mottle to a severe 
ringspot. When transmitted to President these all gave interveinal 
mottles, sometimes with slight necrotic spotting, which varied in intensity 
directly with the severity of symptoms on tobacco. In Arran Crest, 
Epicure and King Edward all the samples gave top necrosis. The 
American “ healthy-potato virus” seems to be identical with virus “X”. 
Samples of this which gave mottle and others which gave ringspot 
symptoms on tobacco, all gave top necrosis on Epicure and interveinal 
mottle on President. Also, they were found to react serologically with the 
serum of rabbits immunized against virus“X” (Spooner & Bawden, 1935), 

Virus ‘‘D” 

Virus “D” is closely related to virus ‘‘X” and should perhaps be 
regarded as an aberrant strain of it. Each virus reacts with antiserum 
prepared against the other, and plants infected with one acquire an 
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immunity to further infection by the other (Bawden, 1934). Virus “D”, 
however, differs from the various strains of ‘‘X” much more widely 
than these differ among themselves, and it has been named separately 
because of the distinct diseases that it causes in certain hosts. In 
tobacco and Datura virus “D” produces symptoms comparable with 
those produced by the mildest strains of ‘‘X”, but in many potato 
varieties, it causes diseases more severe than those produced by the most 
virulent strains of “X”. 

The varieties Arran Crest, Epicure and King Edward react with top 
necrosis when infected with either virus “X” or ‘"D”. Virus “D”, 
however, also causes top necrosis in Abundance, Arran Consul, Institut 
de Beauvais, Catriona, Duke of York, Dunbar Cavalier, Dunbar Yeoman, 
Majestic, Ninetyfold and Up-to-Date, all of which either carry virus 
“ X ” or show only interveinal mottles when infected with it. In President 
and certain other varieties virus “D” causes a characteristic necrotic 
disease, foliar necrosis, a detailed account of which has been published 
elsewhere (Bawden, 1934). 


Virus “A'’ 

Murphy & McKay (1932) described virus “A’’ which they found 
occurring alone in healthy-looking Irish Chieftain plants, and which they 
state is a necessary constituent of a virus complex causing the well- 
known disease crinkle. The other constituent Murphy & McKay called 
“simple mosaic”, and it is apparently one or other of the strains of 
virus “X”. Salaraan (1930) showed that grafting from crinkled to 
healthy President plants reproduced the disease in full, whilst needle 
inoculation gave only an interveinal mottle. Later, Salaman (1932) 
showed that this mottle was due to virus “X”. This has been confirmed 
many times and, in addition, successful syntheses of crinkle have always 
followed on the infection of apparently healthy Irish Chieftain plants 
with virus ‘"X”. Further, when “X ’’-infected mottled Presidents were 
grafted with scions from Irish Chieftain they became crinkled, whereas 
healthy Presidents similarly grafted either remained healthy in ap- 
pearance or, at the most, developed only a fleeting mottle. The severity 
of the crinkling varied somewhat with the virulence of the strain of 
virus ‘‘X” used, but all sources of this virus when added to virus “A” 
gave crinkle symptoms in President. 

Virus “A” alone in Arran Victory, President and the majority of 
potato varieties gives only a mild and fleeting mottle, or is carried. In 
Epicure the mottle is more definite and takes the form of a distinct 
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yellowing around the veins. Virus ‘‘A’' has been found occurring 
naturally in all the stocks of Irish Chieftain, Golden Wonder and Myatt’s 
Ashleaf yet tested, whether these were healthy in appearance or not. 
Murphy & McKay (1932) showed that virus “A” produces a necrotic 
disease in Up-to-Date, and Clinch & Loughnane (1933) confirmed this 
and showed that it also produces top necrosis in British Queen. It has 
now been found that, in addition to these two varieties, virus A’’ also 
causes top necrosis in International Kidney, Kerr’s Pink, Rhoderick Dhu 
and Sharpe’s Express. In one transmission only, top necrosis was also 
produced in Ghreat Scot. The external symptoms differed slightly from 
those of the top necrosis produced by virus “X'’ in Epicure. The disease 
spread rather more slowly, and the individual necroses were fewer in 
number and larger. Internal necroses, however, were found arising in, 
and spreading from, the phloem in both stems and tubers. Plants in 
the second year of infection were small, brittle, highly necrotic and 
quickly died. 

Clinch & Loughnane (1933) found that virus “ A ” was not transmitted 
to potatoes by needle inoculation, and this has been confirmed. It was 
suggested to the writer by Dr Dykstra of Corvallis, Oregon, U.S.A., that 
sap transmissions might be obtained by adding fine carborundum powder 
to the inoculum. This has been tried and found to be highly successful. 
When sap from President with crinkle was mixed with carborundum 
powder and rubbed on to the leaves of healthy President plants these 
developed full crinkle. Up-to-Date plants grafted with scions from such 
plants developed top necrosis, showing that virus “A” had been trans- 
mitted by this method of inoculation. Healthy President plants needle- 
inoculated with the same sap at the same time showed only an interveinal 
mottling and, when tested, were found to be infected with virus “X” 
alone. As yet, however, no successful infections of varieties in which 
virus “A” produces top necrosis have been obtained with the car- 
borundum method, although twenty-five plants of Up-to-Date, Kerr’s 
Pink and International Kidney have been inoculated. 

Although virus ‘‘A” is not transmitted to potatoes by needle 
inoculation it is transmitted to tobacco by this method, as Clinch & 
Loughnane have shown (1933). Using this test attempts to determine the 
in vitro properties of virus “A” have been made. No infections were 
obtained with sap diluted more than 1/50, heated for 10 min. at 50"" C. 
or higher, or from sap kept at room temperature for a day or more. 
These results, however, are probably not significant owing to the small 
percentage (average about 30 per cent.), of successful inoculations in the 
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controls. It is hoped with the aid of carborundum powder to repeat these 
tests, and to get full infection with the controls. 

Clinch & Loughnane also found that virus ‘"A” was transmitted 
by Myzus persicae Sulz. This has been confirmed, but again the percentage 
■ of successful transmissions has been small. Of thirty-three attempted 
transmissions with Myzus persicae Sulz. only nine were successful, five 
of these being to tobacco and four to President. In tobacco (var. White 
Burley) the symptoms consisted of a mild vein clearing appearing a 
fortnight or so after infection, which faded and was followed by a 
definite dark green vein banding. 

It has been suggested by Clinch & Loughnane (1933) that the viruses 
of the potato-mosaic group may be divided into an ‘"X” and a “Y” group, 
and that virus “A” should be placed in the ‘‘Y'* group. There would, 
however, seem to be little evidence in favour of this, for although viruses 
“A^’ and “Y’’ produce similar symptoms in tobacco and are both 
transmitted by Myzus persicae, they are certainly not related in the 
same way as are the various strains of virus “X’’. Tobacco plants 
infected with virus “A’’ were found to be quite susceptible to further 
infection with virus “Y”. When inoculated with “Y'’ they showed a 
further vein clearing at the same time as healthy control plants of the 
same age, and further inoculations from such reinoculated tobacco plants 
to President resulted in the acropetal necrosis characteristic of infection 
with virus ‘*Y’\ 


Virus “B*' 

It is well known that Individual plants of the varieiy Up-to-Date even 
when quite healthy in appearance are often virus infected, and that 
scions taken from them and grafted on to certain intolerant varieties 
cause top necrosis in the stocks. From work with many such carriers 
considerable evidence has now been obtained indicating that they are 
all infected with at least two viruses. The fact that different methods of 
transmission from these carriers to intolerant varieties gave different 
results first suggested this possibility. When scions were grafted to 
President stocks top necrosis followed, but needle inoculation of Up-to- 
Date sap to President never produced this disease. The results of needle 
inoculation have varied, and were sometimes nil. More often, however, 
the inoculated leaves developed black, circular local lesions. These 
remained discrete and did not spread, but were usually followed by 
systemic symptoms consisting of a general interveinal mottling, often 
accompanied by a certain amount of interveinal necrotic spotting. 
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Occasionally local lesions only were obtained, the uninoculated leaves 
remaining quite healthy. The young leaves of such plants when tested 
were always found to be virus-free. 

When sap from the carrier Up-to-Date plants was needle inoculated 
to Datura or tobacco (var. White Burley) these developed symptoms 
characteristic of infection with virus “X”. Seven to nine days after 
infection the veins of the young leaves became ‘‘cleared”, and later 
there developed a general interveinal mottle with sometimes slight 
necrotic rings or spots. With sap expressed from different carriers the 
severity of these symptoms varied, indicating that they were infected 
with different strains, or mixtures of strains, of virus “ X ”. It was further 
found that sap from inoculated President plants showing the mottle 
described above, when needled to tobacco and Datura produced symptoms 
identical with those following direct inoculation from the carrier. 
Immunity tests afforded further evidence that these symptoms were 
really due to the presence of virus “X”. Tobacco and Datura showing 
these symptoms, whether infected direct from Up-to-Date or from the 
mottled Presidents, have always failed to develop any further symptoms 
when reinoculated with a virulent strain of virus “X ”, although control 
healthy plants of the same age developed severe ringspot. Also, expressed 
sap from inoculated President, tobacco and Datura plants (as well as the 
carriers) all reacted serologically with the serum of rabbits immunized 
with virus “X”. It thus seemed quite conclusive that the carriers 
contained virus “X”, which coiild be transmitted to potatoes, tobacco 
and Datura by needle inoculation. It was shown above that virus “X” 
causes only a motile in President (the condition following inoculation 
with Up-to-Date sap), and in order to account for the production of top 
necrosis on grafting it was necessary to postulate the existence of a second 
virus in the carriers. This virus will be referred to as potato virus “B”. 

Clinch & Loughnane (1933) showed that the “Up-to-Date streak 
virus” was filterable through L5 candles and transmissible to Datura 
by needle inoculation, for they found that scions taken from inoculated 
Datura caused top necrosis in grafted President stocks. This work has 
been repeated and fully confirmed, but it is difficult to agree with the 
conclusions of Clinch & Loughnane that the Up-to-Date carriers are 
infected with only one virus, and that the symptoms on Datura are due 
to this. The condition described by these workers is characteristic of 
infection with virus “X” and can be readily produced in Datura which 
will not cauic top necrosis when grafted to President. As already stated, 
President inoculated from Up-to-Date developed only a mottle, but 
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inoculatioiis from this to Datura gave a result indistinguishable from 
that following direct inoculation from Up-to-Date. These Datura plants, 
however, never produced top necrosis in grafted President, whereas those 
inoculated direct from Up-to-Date did. Also, the results obtained by 
grafting or needling from these Datura plants were always the same, viz. 
an interveinal mottle with or without slight necroses, and there was 
nothing to indicate that they were infected with any virus other than 
“ X Thus a position was reached in which of two Datura plants showing 
identical symptoms one, when grafted to President, gave top necrosis 
but when needled gave only a mottle, whilst the other gave only a mottle 
whether grafted or needled. It seems, therefore, that virus “B is 
transmissible to Datura by inoculation and that the first Datura plant 
was infected with both viruses “X” and “B”, whilst the second was 
infected with “X” alone. As the symptoms in each were the same it is 
difficult to avoid the conclusion that they were due to the common 
factor, i.e. virus “X Virus “B” has not yet been isolated and its 
reaction on Datura is not known, but from these results it seems probable 
that it would be carried. 

Tomato, tobacco and Nicotiana glutinosa, as well as Datura, were 
infected with viruses “B” and ‘‘X^* by needle inoculation. Inoculations 
of sap from Up-to-Date produced symptoms identical with those shown 
by the plants when they were infected with the same source of virus “ X 
alone. When scions were taken from them and grafted to President, 
however, top necrosis followed, indicating that they were infected with 
virus “B”, in addition to ‘*X'’. 

Experiments with the progeny of President plants grafted with 
Up-to-Date carriers gave further evidence that the latter contain two 
viruses. Many of the tubers from plants with top necrosis became 
completely necrotic during storage and failed to grow. From those that 
grew three types of reaction were found. Some tubers gave minute 
plants, which were smothered with fine black necroses and quickly died. 
Datura inoculated from these developed an “X ’’-type mottle, and when 
grafted to healthy President caused top necrosis, indicating that viruses 
“X” and “B’’ were present. Other tubers gave plants which grew 
strongly and showed only a mottle and a little interveinal necrosis, a 
condition resembling that which Botjes (1934) has described as 
“attenuated top necrosis'*. Datura inoculated from these also developed 
an “X*’-type mottle, but President plants grafted with such Datura 
showed only a mottle, indicating that they were infected with “ X alone. 
A certain number of tubers gave plants which grew strongly and looked 
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healthy, and these, on testing, were always found to be virus-free. From 
this it seems that complete systemic infection does not necessarily occur 
in top necrosis, and that it is possible for the tubers of an afEected plant 
to escape infection with either one or both viruses. The reason for this 
is not known, but it may lie in the killing action of the viruses, and in the 
fact that they become isolated in areas of dead tissue through which 
they are unable to spread. 

Experiments with the local lesions obtained on inoculating President 
plants gave some indication that such a localization can occur. It was 
noted that local lesions were only formed when inoculations were made 
from Up-to-Date or other plants thought to be infected with both viruses 
“ X ’’ and “ B ”, and not when made from plants infected with “ X ” alone. 
Thus President plants needled with Up-to-Date sap developed necrotic 
local lesions, and later a general mottle. Inoculations from the young 
mottled leaves to further healthy President plants gave the systemic 
mottling, but not the local lesions. This seemed to indicate that the 
lesions were probably due to virus “B”, and the results of the following 
experiment supported this view. President plants were needled with 
Up-to-Date sap, and the necrotic local lesions were later punched out, 
ground up with a little water and inoculated to Datura. At the same time 
sap from the young mottled leaves was also inoculated to a set of Datura 
plants. Both sets of Datura developed identical symptoms (‘'X”-type 
mottling), but when scions from those inoculated with the local lesions 
were grafted to President they caused top necrosis, whilst grafts from 
the others caused only a mottle. From this it seems that both viruses 
“B” and “X” are transmitted by needle inoculation to^President, but 
whereas the latter may spread throughout the whole plant the former 
does not, but is restricted to the necrotic tissue on the inoculated leaves. 
Virus “ B ” did not spread beyond the local lesions even in the inoculated 
leaves, for green areas punched out from between the necrotic ones 
contained only virus “X”. 

Arran Crest, Epicure and King Edward plants inoculated from 
Up-to-Date carriers developed top necrosis. Clinch & Loughnane (1933) 
also found this with Arran Crest and suggested that the streak virus 
becomes systemic in this variety when inoculated. The results of the 
following experiments, however, indicate that the top necrosis in these 
varieties following inoculation is due to virus “ X ” and not to virus “ B ”. 
Datura inoculated from such plants with top necrosis developed an 
“X”-type mottle, and when grafted to President caused only a mottle 
in the stocks. Also, when reciprocal grafts were made between healthy 
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Epicure and President plants the same result followed, viz. mottle in the 
President and top necrosis in the Epicure portions, whether the inocula- 
tions were made to the Epicure or to the President parts of the grafted 
plants. 

Virus “ B ” appears to be less resistant to dilution and ageing in vitro 
than virus “X”, Datura inoculated with sap from plants infected with 
both viruses after being diluted 1 in 1000 or after 4 weeks’ ageing became 
infected with virus ‘"X” alone. The thermal death-point of the two, 
however, is similar. Plants inoculated with sap heated for 10 min. at 
60° C. were infected with both viruses, whilst those inoculated with sap 
heated for 10 min. at 70° C. were not infected. 

Immunity experiments have given further evidence that virus “B” 
is probably distinct from virus “X”. Fifteen President plants infected 
with virus '‘X” were grafted with scions from carrier Up-to-Date plants. 
Seven of these developed typical top necrosis and were killed, and on 
three the scions grow poorly and no new symptoms appeared. The 
remaining plants showed many necrotic spots on the young leaves, and 
at first looked as if affected with top necrosis. The disease, however, 
spread extremely slowly, the necroses being restricted to the growing- 
point, and side shoots later appeared which grew normally and showed 
only a mottling. The reason for this localization of the symptoms in these 
plants is not known, and might perhaps be regarded as a type of pro- 
tection. Later experiments, however, indicated that Datura plants 
infected with virus “X"’ are still susceptible to further infection with 
virus “B”. Eighteen “X "'-infected Datura plants were inoculated with 
sap from Up-to-Date, and none showed any change in symptoms. When 
scions from these reinoculated Datura plants were grafted to President, 
however, eleven caused top necrosis in the stocks, indicating that they 
had become infected with virus "'B*’. 

Plants of the following varieties have been found naturally infected 
with viruses “B” and “X”: Arran Banner, Arran Consul, American 
Wonder, Burbank, Bliss Triumph, Duke of York, Earliest of All, Eclipse, 
Great Scot, Green Mountain, Majestic and Up-to-Date. When infected 
these all looked healthy or showed faint mottles characteristic of infection 
with “X” alone. Di Vernon, International Kidney and Myatt’s Ashleaf 
can also act as carriers of these viruses, whilst Irish Chieftain shows 
crinkle when infected. 

The following varieties are intolerant of viruses “B” and “X” and 
react to infection with top necrosis: Abundance, Arran Cairn, Arran 
Chief, Arran Comrade, Arran Crest, Arran Pilot, Arran Scout, Arran 
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Victory, British Queen, Catriona, Edzell Blue, Epicure, Golden Wonder, 
Katahdin, Kerr’s Pink, King Edward, May Queen, President, Rhoderick 
Dhu and Sharpe’s Express. As the writer has not obtained virus ‘"B” 
free from virus ‘‘X” it is unknown whether the top necrosis in these 
varieties could be brought about by infection with “B” alone, or if it 
is a condition dependent on infection with both viruses. A recent 
publication by Dykstra (1935), however, seems to indicate that it might 
be caused by virus ‘‘B” alone. Dykstra has confirmed the finding that 
the carriers are infected with two viruses and, by grafting a potato 
seedling stated to be immune to virus “X” with scions from Up-to-Date, 
he has obtained a source of virus “B” free from “X”. When transferred 
to Arran Victory and President this virus alone produced top necrosis. 

Virus “C” 

Salaman (1930a) showed that viruses other than those carried by 
the variety Up-to-Date could cause top necrosis, for he found that certain 
Di Vernon plants when grafted to Arran Victory and President gave 
top necrosis in the latter variety only, whereas grafting Up-to-Date 
scions gave top necrosis in both varieties. Further work with these 
carrier Di Vernon plants has confirmed this, and given additional 
evidence that they are infected with a virus other than virus “B”. This 
virus which causes top necrosis in President and not in Arran Victory 
will be referred to as virus ‘"C”. Virus “C” has not been obtained alone. 
It has been found in two stocks of Di Vernon together with viruses “X” 
and “Y”, and in one stock of Monocraat obtained from Prof. H. M. 
Quanjer together with virus “X”. 

Virus “C” has not been transmitted to any plants by needle inocula- 
tion. No local lesions were produced as a result of inoculation to President, 
and Datura, tobacco and tomato plants when inoculated and then grafted 
to President did not give top necrosis. Further differences between 
viruses ‘"B” and “C” are seen in their reactions on various potato 
varieties. Virus “C” produces top necrosis in Arran Consul, Arran 
Banner, Duke of York, Eclipse, Majestic and Up-to-Date, all of which 
carry virus “B”, as well as in Arran Crest, Arran Pilot, Arran Cairn, 
British Queen, Epicure, King Edward, President, and Sharpe’s Express. 
It is believed to be carried by Arran Victory, Arran Chief, Great Scot 
and Rhoderick Dhu, for when plants of these varieties were grafted with 
Di Vernon they showed symptoms typical of infection with the other 
viruses present. 
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Summary 

It is shown that top necrosis can be produced in different potato 
varieties by a number of viruses. The reactions of these viruses on a large 
number of commercial varieties are given, together with certain of their 
properties and methods by which they can be transmitted. By grafting 
and needle inoculating infected potatoes to the four varieties Epicure, 
Arran Victory, President and Up-to-Date, and noting the type of 
necrotic disease produced on these differential hosts, it has been found 
possible to distinguish with a fair degree of accuracy between six viruses. 
The necrotic reactions of these varieties are given below. 


Vims 

Needle 
inoculation 
to potato 

Up-to-Date 

Epicure 

President 

Arran Victory 

“A” 

- 

Top nocroflis 

— 

— 

— 

“B” 

- 

— 

Top necrosis 

Top necrosis 

Top necrosis 

“C” 

- 

Top noeroHis 

Top necrosis 

Top necrosis 

— 

‘D” 

4 * 

Top neeroeis 

Top necrosis 

Foliar necrosis 

Foliar necrosis 

“X” 

+ 

— 

Top necrosis 

— 

— 

“Y” 

+ 

Aeropefal 

— 

Acropetal 




necrosis 


necrosis 



The writer has great pleasure in expressing his gratitude to Dr D. R. 
Salaman for permission to make use of the virus material, and for many 
valuable suggestions. 
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THE SUSCEPTIBILITY OF THE PLANT CELL 
TO VIRUS DISEASE 

By F. M. L. SHEFFIELD, Ph.D., F.L.S. 

Department of Plant Pathology, Rothamsted Experimental Station, 
Harpenden, Herts 

(With 1 Text-figure) 

In connexion with some micromanipulative work which had been 
planned it became necessary to find a technique whereby the presence 
or absence of virus in a small amount of the contents of a cell of an 
infected plant could be demonstrated. This need led to several experi- 
ments bearing on the susceptibility of the host-plant cell, attempts being 
made to discover a plant, which, if suitably inoculated, would serve as 
an index for such minute amounts of virus. Unfortunately no plant and 
inoculation method yielded more than one-tenth of the expected number 
of infections. This could only be explained by a variation in the suscepti- 
bility of the cells of the host plants. It was decided to abandon these 
methods and to seek a serological test for such small quantities of virus. 
Nevertheless, the results of the experiments, although they were not 
statistically planned and data in some cases are scanty, are of sufficient 
interest to be worth placing briefly on record. 

Inoculation without injury to the cells of the host 

Experiments were first made to determine whether infection cab 
occur when all the cells of the parts of a plant coming in contact with 
the virus are quite uninjured. 

In the first series, three host plants which show systemic infection 
with the yellow strain of aucuba mosaic disease (2) were used. Juice was 
extracted from infected tomatoes, passed through fuller’s earth and 
diluted with water to 1 part in 3. The upper and lower surfaces of healthy 
plants were sprayed with this juice through a de Vilbiss atomizer. Great 
care was taken to avoid touching the sprayed leaves in any way. In the 
control plants the upper surface of one leaf was similarly sprayed and 
was then rubbed with the finger. 

The results accruing are shown in Table I. 
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Table I 

Effect of spraying uninjured plants with suspension of aucuba 
mosaic virus 


Species 

No. treated 

Results 

+ 


Controls 

No. treated + 

Solanum nodiflorum 

36 

0 

36 

12 

12 

Solanum lycoperdicum 

96 

2* 

94 

24 

24 

NicotiaiM tabacum 

24 

0 

24 

9 

9 


* Plants showed insect damage. 


In a second series of experiments Nicotiana glutinosa, which develops 
local necrotic lesions on infection with tobacco or aucuba mosaic virus, 
was used. Whole leaves were sprayed with infectious juice. After spraying, 
one-half of each leaf was left untouched ; as a control, the other half was 
rubbed with the finger to break the hairs which project from the leaf 
surface. Some leaves were treated on the plant; other leaves were 
detached from the plant and were minutely examined for any possible 
damage before spraying. After treatment the latter were stored in Petri 
dishes on damp filter paper. Care was taken to handle the leaves only 
by their petioles. Table II gives details of these experiments. 

Table II 

Effect of spraying uninjured leaves o/ Nicotiana glutinosa 


wii/i a virus 

suspension 







No. of 




No. of 

lesions 



No. of 

lesions on 

on halves 

Inoculum 

Position 
of leaf 

leaves 

treated 

sprayed 

halves 

sprayed 
and rubbed 

Aucuba mosaic (ycllo^^ strain) of tomato, 

On plant 

14 

3* 

1167 

dilution; 1 in 100 

Aucuba mosaic (yellow strain) of tomato. 

Detached 

15 

0 

1685 

dilution: 1 in 1(X) 

Tobacco mosaic (Johnson’s No. 1), 

On plant 

18 

5* 

1417 


dilution: 1 in 10 

• Showed insect damage. 

Tables I and II show quite conclusively that the virus is unable toj /• 
enter uninjured cells. In the very few cases where infection resulted 
after spraying, the leaves had been damaged by insects, presumably 
whilst the virus suspension remained on the leaf surface. 

These results are in accordance with those of Caldwell (i), who holds ^ 
that the virus cannot enter an unbroken cell. He states that, even when 
the virus is contained in the xylem vessels of the host, it is necessary to 
crush the tissues to enable it to pass from the xylem into the living cells. 
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Duggar & Johnson (3), however, state that it is possible to infect tobacco 
plants by spraying the leaves with infective juice, the virus passing into 
the host through the stomata. It is suggested that, in their experiments, 
“gently lifting the leaf with the nozzle of the atomizer and spraying 
while the leaf was so held ” caused suflScient damage to the delicate hairs 
clothing the tobacco leaf for the virus to gain entry through a broken cell. 

Period which may elapse between injury to the cell 

AND THE ENTRY OF VIRUS 

One-half of the adaxial surface of each of ten leaves of Nicotiana 
glutinosa was rubbed gently with the finger and immediately sprayed 
with a suspension of aucuba mosaic virus. The other half of each leaf 
was rubbed with the same virus suspension. The first method yielded 
310 lesions; the second 329. It became evident that a high percentage j 
of infection can be obtained if the virus is applied after injury is caused » 
to the cells. Experiments were then made to determine how long after 
injury infection could still be brought about. 

Leaves of N, glutinosa were rubbed gently with the index finger. 
One-half of each leaf so rubbed was immediately sprayed with a sus- 
pension of virus ; the remaining halves were similarly sprayed after the 
lapse of a selected interval of time. In the first set of experiments 
intervals of 5, 10, 20 and 30 min. were selected. As it seemed desirable 
to obtain information regarding shorter periods, in the later experiments 
half-leaves were sprayed at intervals of 1, 2, 4, 8 and 16 min. after 
rubbing. Table III gives the results of these experiments, which are also 
graphically illustrated by Fig. 1. 

Table III 

Possibility of time elapse between injury to cell and entry of virus 


Time 


No. of 

No. of 

Lesions after delayed spraying 

interval 

No. of 

lesions after 

lesions on 

Lesions after imm^iate spraying 

in min. 

replicates 

interval 

controls 

/o 

1 

13 

350 

451 

78-9 

2 

13 

315 

442 

719 

4 

13 

166 

387 

42-9 

6 

4 

83 

188 

44-2 

8 

10 

114 

302 

37-7 

10 

3 

44 

176 

25-6 

16 

2 

21 

79 

26-5 

20 

3 

8 

187 

4-3 

30 

3 

5 

176 

2*8 


The results obtained do not accord with those of Holmes (4), who 
suggested that with N, rustica “rubbing is effective as an inoculation 
method only in the presence of virus”, and that “wounds made 
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immediately before the application of virus were inefiective’'. Fig. 1 shows 
that although the chances of infection fall rapidly in the first few minutes 
after injury, an adequate dose of virus may still gain entry into the cell 
even half an hour after rubbing. 



Time in minutes 

Fig. 1. The possibility of time elapse between injury to the cell 
and the entry of virus. 

Inoculation bv injection into single cells 

Doses of filtered but undiluted virus juice which should be adequate 
to cause infection wore inoculated into single cells of growing plants. 

Glass micropipettes of apertures 1-5 p, were drawn out and suitably 
bent. A micropipette was fixed into the manipulating stand of a Janse 
and P4terfi micromanipulator bearing a microscope. A second microscope 
was placed beside the micromanipulator on the same side as the stand 

Ann. Biol, xxui 33 
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bearing the pipette and in such a position that the tip of the latter could 
be swung around, by adjusting the manipulating stand, from the optical 
axis of one microscope to that of the other. The second microscope was 
equipped with a glass stage on which was rested the leaf to be inoculated. 
To the objective of this microscope was attached a Busch diagonal 
illuminator. It was possible to pick up in the pipette a drop of virus juice 
from the cover-glass of the moist chamber and to inoculate it immediately 
into a cell of the leaf arranged beneath the second microscope. 

Inoculations for systemic infection 

Young plants of Solanum nodijlorum, tomato, tobacco and Hyoscyamus 
niger were inoculated with aucuba mosaic virus (yellow strain). One 
injection was made into each plant into the cells of either hairs, palisade 
or phloem tissues. No significant difference was observable between the 
results obtained by injection into different tissues. In all, 102 injections 
were made, nine infections resulting, i.e. a little less than 9 per cent, of 
the injections were effective. 

I noculations for necrotic lesions 

Aucuba mosaic virus (yellow strain) was injected into the hairs or 
palisade cells of the leaves of Nicotiana glutinosa. The leaves were either 
detached from the plants and, after infection, stored in Petri dishes, or 
they were left on the plants which were returned to the glasshouse after 
inoculation. Leaves of that stage of development which experience 
suggested would give the greatest number of lesions were selected. 
Again the percentage of infection was low, and no significant difference 
was found between the percentage of infections resulting from injection 
into the hairs or into the palisade tissue. Of a total of 810 injections, 
85 or 10*5 per cent, caused necrotic lesions to form on the leaves. 

Similar injections were made into the cotyledons of the runner bean. 
Of these inoculations 15 in 240 or 6 per cent, resulted in the production 
of lesions. 

Inoculations for starch lesions 

The viruses of tobacco mosaic, aucuba mosaic and Hy. Ill diseases 
were injected into cells of hairs, palisade or phloem of tobacco leaves. 
A number of injections (usually fifteen) were made into one-half of each 
leaf; on the other half a standard dilution of virus juice was rubbed. 
The plants were returned to the glasshouse where they were left for a 
number of days varying according to the virus used and to the weather 
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conditions. They were then put in total darkness and kept there from 
6 p.m. to 9.30 a.m., when leaves were cut from the plant and immediately 
killed by immersion in boiling water. The leaves were decolorized with 
alcohol and stained in iodine solution and the numbers of lesions were 
counted. 

The results obtained are summarized in Table IV. 

Table IV 

Inoculation of virus by microjpijpette into tissues of the tobacco plant 

Per- Av. no. of 

No. of centage Dilution lesions pro- 


Tissue 


No. of 

starch 

of in- 

of 

duced by 

injected 

Virus 

replicates lesions 

fections 

standard 

standard 

Hairs 

Tobacco mosaic 

42 

6 

14-3 

1 in 100 

115 

I’alisade 

»t •» 

78 

11 

141 

lin 100 

151 

Hairs 

Aucuba mosaic of tomato 

162 

8 

4-9 

1 in 10,000 

26-4 

Palisade 

If *• 

57 

7 

12-3 

1 in 10,000 

57-5 

Phloem 


105 

19 

171 

1 in 10,000 

75 


Hy. Ill 

240 

16 

6*6 

lin 100 

58-5 


When the results were analysed, the figures obtained from the 
standard proved of little value. Dr M. A. Watson,^ working in this 
laboratory, has similarly found the half-leaf method to be of little value 
when more than two variants are to be considered, and Youden & 
Beale (5) advocate the method w^hen comparing only two samples of 
virus. 

With tobacco mosaic no difference was found between the percentage 
of infections resulting from injection into the cells of the hairs and those 
of the palisade, but, with aucuba mosaic, inoculation into the palisade 
resulted in a higher percentage of infection. However, the f^st shows 
this percentage not to be significantly greater. With aucuba mosaic, the 
perc(‘ntage of infections obtained by inoculation into the phloem is found 
to be significantly greater than that obtained by inoculation of the hairs. 
Hy. Ill disease is normally transmitted by Myzus persicae, which is 
generally supposed to feed from the phloem of the host. For this reason, 
injections of Hy. Ill were confined to the phloem. The greater infection 
obtained by injection of aucuba mosaic than by Hy. Ill into the phloem 
may be explained by the greater infectivity of aucuba mosaic disease. 

Inoculations by injection into single cells of various tissues of different 
hosts all yield low percentages of infection. This is not necessarily in 
disagreement with the results obtained by the more usual mechanical 
methods of inoculation. If, for instance, a leaf is rubbed with the finger 


^ Unpublished data. 
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or a cloth or spatula moistened with a virus suspension, a large number 
of hairs are torn or broken. To produce a systemic infection the virus 
needs to gain effective entrance through one only of these broken cells. 
If necrotic or starch lesions are shown, then the virus must enter the 
leaf at a number of cells. But the number of lesions produced is always 
exceedingly small as compared with the number of hairs on the leaf 
surface, and a considerable proportion of these may be broken by 
rubbing. The results accord with those of Dr M. A. Watson,^ who 
finds that Hy. Ill virus is effectively carried by the aphid in only a small 
proportion of cases. 

These low percentages of infection suggest that differences exist in 
the susceptibilities of cells to virus attack, not only in different leaves, 
but also in the same type of tissue and in the same leaf. It has been 
suggested that the varying susceptibilities of different leaves is due to 
some mechanical difference making tearing of the cells more difficult, 
and, for this reason, various abrasive substances have been mixed with 
the virus suspension. The fact that micropipette injections and infection 
by aphids yield low percentages of infection suggests that the varying 
susceptibility may be due to variation in some physical or chemical 
property rendering the cell contents antagonistic to the virus. 


Summary 

A number of spraying experiments showed that the virus cannot 
enter a plant unless some of the ceUs are injured. It is not essential 
that such injury should be brought about in the presence of the virus. 
The chances of infection fall off rapidly in the first few minutes after 
injury, but infection occurs occasionally as long as half an hour after 
the cell is damaged. 

Inoculations by micropipette into single cells of the host plant yielded 
only about one-tenth of the expected number of infections. This suggests 
differences in the susceptibility of the cells to virus attack. 


^ Unpublished data. 
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THE ROLE OF PLASMODESMS IN THE 
TRANSLOCATION OF VIRUS 

By F. M. L. SHEFFIELD, Ph.D., F.L.S. 

Department of Plant Pathology y Rothamsted Experimental 
Station^ Harpenden, Herts 

(With Plate XXI) 

The literature bearing on the naovement of the virus within the plant 
has been summarized by Henderson Smith ( 3 ) and Kenneth Smith ( 4 ). 
The balance of the evidence suggests that virus is not carried in the 
transpiration stream, and the suggestion has been made that it travels 
in the phloem. That virus does travel more rapidly in the region of the 
vascular bundles is shown by the curious deformations of the usually 
circular starch lesions when near the larger veins. 

It is obvious that on occasions the virus must move about in the 
parenchymatous ground tissue of the leaf. In the case of systemic 
infection the virus appears to be carried into the primary meristem of 
the shoot and there multiplies as the cells become differentiated. Inter- 
ference with the normal development of the plastids results in the 
production of mottled leaves (2), But virus also finds its way into the 
older leaves which were fully developed when the plant was inoculated. 
If it is present in the palisade tissue of these leaves it must reach the cells 
by movement through ground tissue. Also when leaves are artificially 
inoculated by breaking of hairs in the presence of a virus suspension, the 
virus must then pass through the ground tissue. It has been suggested 
that the virus passes from cell to cell by ‘"diffusion”. Owing to the 
particulate nature of the etiological agent of these diseases, it is unlikely 
to pass from cell to cell by actual diffusion through the cell wall. It is 
suggested that it is carried along the protoplasmic strands which connect 
the cytoplasm of adjoining cells in the phloem and in the majority of 
other living tissues. 

Over a period of years, the intracellular inclusion bodies induced by 
many viruses in their appropriate hosts have been examined. These 
inclusions occur to a greater or lesser extent in all tissues of the host. 
It was noticed that, although every cell over large areas of the epidermis 
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might contain inclusion bodies, the guard cells of the stomata even when 
included in these regions were invariably devoid of such bodies (PI. XXI, 
fig. 1). It was therefore decided to examine the protoplasmic connexions 
between these cells. 

Epidermal strippings were taken from leaves of tomato, tobacco, 
Hyoscyamus niger and Solarium nodiflorum, all plants which had been 
used extensively in the study of intracellular inclusions. These were 
treated by Crafts’s technique for demonstrating plasmodesm8(i). After 
fixing, the material was immersed in sulphuric acid and was then 
stained. The immersion in acid causes the walls to swell and the plas- 
modesms to become stretched as the protoplast contracts from the walls. 
The strength of acid used and the time of immersion were varied. 
A shorter immersion in a weaker acid revealed the protoplasts of adjoining 
cells connected together by protoplasmic bridges (PL XXI, figs. 2 and 3). 
A longer immersion or a stronger acid caused these bridges to break at 
either end, a fine strand of cHoplasm remaining within the cell wall 
(PI. XXI, fig. 4). 

Preparations so made in no case revealed any protoplasmic con- 
nexions between the guard cells of the stomata and the surrounding 
epidermal cells. That these guard cells contained no intracellular 
inclusions (PL XXI, fig. 1) suggests that, owing to the absence of any 
direct protoplasmic connexion with the adjacent cells, the virus is unable 
to pass into the guard cells. 

That the virus travels through the plasmodesms is a possible ex- 
planation of the non-transference of virus to the offspring of diseased 
plants even in cases where fruits and seeds are infective. The growing 
embryo generally absorbs nutriment through specially developed 
haustoria which ramify between the cells of the maternal tissue. The 
detailed structure and performance of these haustoria varies from 
species to species, but usually there seems to be no protoplasmic con- 
nexion between the young embryo and the tissues of the parent. If the 
virus were present in the embyro prior to fertilization, it would be 
expected to multiply rapidly in the meristeraatic tissue of the developing 
embryo. If it were not present prior to fertilization, unless it were 
brought by the pollen tube, it would be unable to re^ch the embryo later. 

Any evidence as to the movement of virus within the host must of 
necessity be circumstantial. The plasmodesms constitute an obvious 
route for the passage of particulate substances from cell to cell of the 
parenchymatous ground tissue of the plant. That no evidence of the 
presence of virus could be found in cells having no protoplasmic 
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connexion with virus-containing cells, suggests that the plasmodesms 
are indeed the path taken by the virus. 

Summary 

Although intracellular inclusion bodies may occur in every cell over 
large areas of the epidermis, they have not been found in the guard cells 
P, of the stomata. No protoplasmic connexions could be shown to exist 
^ between the guard cells and the surrounding tissues. These findings 
suggest that, owing to the absence of plasmodesms, the virus is unable 
to reach the guard cells. Support is lent to the view that, when the virus 
moves in the ground tissue of the host, it is carried from cell to cell along 
the protoplasmic bridges. 
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EXPLANATION OF PLATE XXI 

Photomicrographs were taken with a Leitz “Makam” camera using a Leitz 6L objective 
and a Leitz 10 x periplanatic ocular. Magnification 450 x . 

Fig. 1. Epidermis of Solanum nodiflonim showing large intracellular inclusions. There 
are no inclusions visible in the guard cells of the stomata. (Fixed, Camoy’s fluid; 
stained, Fculgen and orange G.) 

Fig. 2. Epidermis of tomato. Plasmodesms are shown l)etween adjacent epidermal cells, 
but not between the guard cells and the epidermis. (Craftft’s technique.) 

Fig. 3. Epidermis of Solanum nodtjiorum. Protoplasmic strands connect the cytoplasm 
of adjoining cells, but the guard cells are isolated. (Crafts’s technique.) 

Fig. 4. Epidermis of Solanum nodiflorum. Protoplasmic strands are seen in the swollen 
walls. (Crafts’s technique.) 
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I. Introduction 

In studies on the nature and properties of any plant viruses in vitro it 
is essential to have some knowledge of the effects (if any) of the pH 
value of the suspension medium on virus activity. Such knowledge 
may also throw some light on the nature of the virus itself. In a previous 
paper ( 0 ) it was shown that the pH value of suspensions containing 

^ Glasshouse facilities and part of the cost of these investigations were provided by 
the Council for Scientific and Industrial Research, Australia. 
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the virus of tomato spotted wiJt (T. S. W.) affected the number of 
primary lesions produced when such suspensions were inoculated on to 
plants of Nicotiana tabocum. This work has now been carried further and 
has been extended to tobacco mosaic virus (Johnson’s tobacco virus 
No. 1). In all our work use was made of the primary lesion method. 
The methods and technique as described in the previous paper (6) formed 
the basis of the work, and we have as a result been able to make direct 
intercomparisons and amongst other things to draw pH-activity and 
time-activity curves for the two plant viruses investigated. 

II. RAsum^: of previous work 

Prior to the completion of the work described in this paper the only 
work published on the effect of pH value on tomato spotted wilt virus 
was that mentioned above. With regard to tobacco mosaic virus Allard (i) 
had shown that this virus was resistant to acids and was inactivated by 
alkaline solutions, but no pH values were recorded. Brewer et aJ.(2) 
published some interesting observations on the effect of pH value on 
suspensions of tomato mosaic virus. These workers used the older method 
of systemic infection of whole plants (10-15 plants per treatment) as a 
means of estimating the activity of inocula, and the results can therefore 
be taken as qualitative only. Nevertheless they were sufficiently clear- 
cut to show that the virus activity of inocula in their experiments was 
reduced sufficiently between pH values of 7-5 and 8 to cause a falling off 
in the number of plants infected as compared with the untreated control 
inoculum. They further found that an inoculum inoculated at a pH value 
of about 8*5 had lost its infective power, but that when adjusted to lower 
pH values before inoculation it still remained infectious. They ascribed 
this behaviour to a reactivation of the virus. They also found that “th« 
virus was not inactivated by an increase in acidity up to pH 2*46”, but 
no data were presented on this point. Vinson & Petre(8) record critical 
values of about pH 2 and 9-2. Since the completion of the experiments 
described in this paper an excellent paper by Stanley ( 7 ) has appeared 
bearing on a section of our work with tobacco mosaic virus. Stanley’s 
findings are discussed in the appropriate section of the present paper. 

III. Experimental technique 

(a) Choice and arrangement of test plants 

The cultivation, selection and arrangement of test plants was similar 
to that previously outlined (6), extensive use being made of the Latin 
square combined with half-leaf comparisons. N, tabacum (var. Blue 



Rupert J. Best and Geoffrey Samuel 511 

Pryor) was the test plant used for tomato spotted wilt virus and 
N, glutinosa was used for tests with tobacco mosaic virus. 

(b) Source of virus 

For tomato spotted wilt virus tomato plants (var. Dwarf Champion) 
were artificially inoculated with the virus and were kept in the glasshouse 
in an isolated compartment. Leaves showing the typical bronze spots 
were crushed in a mortar and the juice was expressed by hand through 
fine book muslin. This juice was used without purification in the pre- 
paration of inocula because of the rapid inactivation of this virus in vitro. 
During the warmer summer months naturally infected field plants 
(Early Dwarf Red x Break o’ Day hybrids) were used as source. 

Tobacco mosaic virus was obtained from N. tabacum plants (var. Blue 
Pryor) artificially inoculated and kept in another isolated compartment 
of the glasshouse. Leaves showing symptoms of the disease were removed, 
crushed in a mortar and the juice was strained through book muslin. 
This juice was then exposed to air (but protected against outside con- 
tamination by a plug of cotton-wool) until the next day, when it was 
centrifuged at a force of about 1500 g. The supernatant liquid so obtained 
was pipetted off into a prepared container and was used as the stock 
from which the inocula were prepared. This stock was medium to dark 
brown in colour and showed only a faint turbidity. 

(c) Preparation of buffer solutions and determination o/pH values 

In order to avoid any specific effects due to the use of different 
buffering substances a composite buffer was used throughout except 
where otherwise indicated in the text. A stock composite buffer solution 
was prepared w hich was 0-0533 M with respect to each of the following 
substances: boric acid, potassium dihydrogen phosphate and potassium 
hydrogen phthalate. In making up solutions this stock was treated with 
the appropriate amounts of 0-2 M HCl or 0*2 M NaOH and distilled 
water to give a final solution of the desired pH value and being 0-04 M 
with respect to total buffering substances. This stock buffer covered the 
whole range of pH values employed in this work and when diluted to 
0-04 M strength had a pH value of about 4, so that the total electrolyte 
content of all buffer solutions prepared having a pH value at or above 4 
was the same. The electrolyte content of solutions prepared by the 
addition of HCl to the stock would be higher by the amount of HCl added. 
The degree of dissociation of the various constituents, however, would 
vary with the pH value, so that the above arrangement represents the 
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best practicable method of preparing a series of buffer solutions covering 
a wide range of pH values and having practically the same electrolyte 
content. 

The pH values of inocula were determined in the first instance by 
both the hydrogen and quinhydrone electrodes, and when after many 
comparisons it was found that the two methods gave values within 
0*01 pH unit of each other over the pH range in which the latter electrode 
is applicable, this was used between pH values of 2 and 8, and the 
bubbling hydrogen electrode was employed beyond these limits. In 
addition to the routine determination of the pH value of each inoculum 
shortly after preparation, determinations were made at intervals in those 
cases where aliquots of an inoculum were inoculated after various time 
intervals. In no case was there any marked change in the pH value of 
a given inoculum over the time ranges employed in this work. However, 
the addition of the juice to the buffer solution brought about an in- 
stantaneous change so that the pH value of the inoculum was not in 
general the same as that of the buffer solutions before the addition of 
the juice. The magnitude of this change varied, as might be expected? 
with the pH value of the buffer and the final concentration of juice, and 
was negligible over the pH range 5-8. The greatest change on the acid 
side of pH 7 was about 0*2 pH unit, and on the alkaline side the greatest 
changes occurred between 9-5 and 10-5, where the stock solution showed 
least buffering power. In this region the drop in pH value following the 
addition of the juice amounted to from 0-1 to 0-4 in extreme cases. For 
various reasons which will become clear after a consideration of the data 
presented later the pH value of the inoculum itself is considered in 
this work. 


{d) Preparation of inocula 

The suspension media were accurately measured out into suitable 
vessels, and aliquots of the stock virus suspensions prepared as described 
in section (b) were pipetted into them. In the case of tomato spotted wilt 
it was the usual practice for as many operators as there were inocula 
to pipette out juice simultaneously so that all inocula started off at 
potentially the same virus concentration. 

To make up an inoculum with a concentration of infective juice of 
1 in 200 (say), 1 ml. of juice was added to 199 ml. of the appropriate 
0*04: M buffer solution. Since the juice itself contains considerable 
amounts of various salts the actual electrolyte content of the inocula 
would Bot be known unless an analysis of each sample of juice was made. 
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This, of course, is impracticable, but the electrolyte content of the 
inocula would differ from that of the buffer solutions by an exceedingly 
small amount which would be the same for all inocula prepared from the 
same stock sample of juice. 

(e) Technique of inoculation 

The technique of inoculation was essentially that described in a 
previous paper (6). The inoculum was applied by means of a ground-glass 
spatula and was washed off by a second operator immediately. 

IV. Interpretation of the lesion count in terms of 

ACTIVE virus units 

So far no method has been devised which will give even a reasonable 
estimate of the actual concentration of active virus particles in a given 
suspension. Dilution curves obtained for the viruses of ordinary tobacco 
mosaic (( 4 ), ( 5 ), ( 9 ) and others) and for aucuba mosaic of tomato ( 3 ) have 
established that the primary lesion method is capable of giving a 
reasonably accurate estimate of relative concentrations provided the 
concentration of infective juice falls within a certain optimum zone where 
the relationship between dilution and number of lesions approximates 
to a straight line. There is some difference of opinion between the 
investigators concerned as to whether over this portion of the dilution 
curve a change in the relative concentration is accompanied by an 
equivalent change in the number of lesions or by a relatively smaller 
change. Such .differences may be largely due to variations in the 
technique, but whatever the final verdict may be it is quite clear that 
we shall not be far out if we assume an equivalent change in the number 
of lesions consequent on any change in relative concentration of infective 
principle, keeping in mind the probability of an under estimation of any 
differences observed in a region corresponding to the flatter portions of 
the curve. 

With regard to the virus of tomato spotted wilt no data bearing on 
the relationship between the concentration of infective juice and number 
of lesions is to be found in the literature, chiefly on account of the rapid 
inactivation of this virus in vitro. This difficulty has now been overcome 
by suspending the juice in a buffer solution at pH 7 contaii^g sodium 
sulphite. The dilution curve so obtained is shown in Fig. 1. It will be 
seen that at high concentrations the number of lesions approaches a limit, 
but that below a concentration of about 1/120 a straight-line relationship 
holds. This curve represents the mean of two experiments carried out 
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at the same time with the same inocula on the same plants (6x6 square 
of iST. tabacum), one on the lower leaves and another on the upper leaves. 
At the higher concentrations the two experiments gave the same values. 
When the results of the two experiments are plotted separately and the 
straight-line portion of the curve is considered it is found that in the 
experiment corresponding to the lower leaves the change in relative 
concentration is accompanied by an equivalent change in the number 
of lesions, whereas for the upper leaves the reduction in the number of 
lesions is relatively greater than the corresponding reduction in the 
concentration of infective juice. The number of lesions produced at low 



Fig. 1. Dilution curve for tomato spotted wilt virus buffered at pH 7 and in the presence 
of Na^O, (0 01 Jf), 21-5'^ C. Concentration range 1/15 to 1/3000. 


concentrations is, however, small, and the experimental error is corre- 
spondingly high with a limited number of replicates. In plotting the 
curve we have therefore bulked the results of both experiments. Here 
again we shall not be greatly in error in interpreting the results of a 
particular chemical treatment if we work on the assumption that a 
change in the number of lesions is the result of an equivalent change 
in the concentration of active virus units provided always that any effect 
of the added chemical on the susceptibility of the host plant can be 
ruled out and that the initial concentration of juice in the control 
inoculum corresponds to a point on that portion of the curve over which 
this relationship holds. 
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In all our work with both viruses the concentration of juice was 
chosen so as to fall (as nearly as could be judged beforehand) on the 
straight-line portion of the dilution curve. Actually this condition may 
not always have been met, but short of performing dilution curves along 
with every experiment, this is the best that can be done. Further, the 
opposite half-leaf method of comparison was used throughout so that 
one-half of every leaf in any experiment was inoculated with a common 
control inoculum, the other half being inoculated with the appropriate 
test system. The half-leaves carrying the test systems were usually 
arranged in Latin squares. The ratio of the number of lesions obtained 
for any test system to the number obtained for the corresponding control 
will therefore give a number approximating to the relative concentration 
of this test system with respect to the control. Ratios derived in this 
way are used in this paper to represent relative concentrations of active 
virus units and are to be considered in conjunction with the limitations 
discussed earlier in this section. 

V. The activity of tomato spotted wilt virus as affected 
BY the pH value of suspensions containing it 

As a result of previous experience with this virus, inocula were kept 
in an atmosphere free from oxygen up to the time of inoculation. This 
was done by passing a continuous stream of purified nitrogen through 
the inocula contained in vessels designed to exclude ingress of air. 
However, even under these conditions the concentration of active virus 
particles often fell off with time, presumably owing to the inactivating 
influence of some constituents of the juice added along with the virus. 
This feature is by no means constant. At room temperature the falling 
off may not begin for 24 hours, or it may become evident within an hour. 
It was found that maintaining the suspensions near 0° C. markedly 
retarded this anaerobic inactivation. Table I shows the relationship 
between virus activity and time for various pH values and 0° C. The 
figures for Exp. A represent the results of one experiment in which 
aliquots of the same stock of infective juice were used for the preparation 
of inocula, and those for Exp. B were obtained in an experiment carried 
out at a different time but under similar conditions. 

Reference to Table I shows that even over the optimum pH range 
for this virus and at 0° C. inactivation may be quite marked. However, 
in many experiments of a similar nature suspensions of the virus at 
pH 7 and 0° C. in general maintained their activities unimpaired for 
6 hours or more. As there does not appear to be a stable equilibrium 
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Table I 

The change in activily of suspensions of tomato spotted mU virus 
wiih time at pR values of 6-2, 6-0, 7*0, 8'7 and 9-2 
Exp. A (control at pH 7*0). C = control at pH 7; T = test. 

Zero time 3 hr. 6 hr. 12 hr. 


pH 

C 

T 

C 

T 

C 

T 

C 

T 

6-2 

240* 

30 

235 

0 

227 

0 

120 

0 

60 

281 

247 

303 

108 

199 

36 

90 

1 

8-7 

260 

272 

331 

351 

181 

241 

85 

163 

92 

260 

160 

237 

205 

238 

158 

94 

93 


♦ Numbers refer to total number of lesions on eight half- leaf replicates. 


pH 

9 min. 

36 min. 

1 hr. 

Exp. B. 

1 hr. 37 min. 

2 hr. 

4 hr. 

6 hr. 

lOhr. 

52 min. 

1* 

397 

412 

403 

492 

485 

473 

421 

401 


* Portion of an experiment in which the control at pH 7 was inoculated on to an 8 x 8 
Latin square at eight times as above. Haoh number refers to total number of lesions on 
sixteen half-leaf replicates. 
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Fig. 2. Rate of inactivation of tomato spotted wilt virus at pH values of 5-2, 
6-0, 7-0, 8-7 and 9-2. Temperature of inocula about 0° C. 


for any value a ^H-activity curve must relate to some specified time 
of contact between virus and medium. In all our work we have used a 
suspension buffered at pK 7 as a control inoculum, and as pointed out, 
such a suspension kept at 0° C. usually maintains its activity un- 
impaired for at least 6 hours. Comparisons over a wide pH range were 
therefore made as soon as possible after preparing the suspensions and 
again after an interval of 5 hours. Results of a typical experiment are 
summarized in Table II and Fig. 3. 
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In the particular experiment to which Table II and Fig. 3 relate 
a uniform batch of 128 N, tahacum plants was arranged into two 8x8 
squares, and 8x8 Latin squares were planned as described in a previous 
paper (6). Nine buffer solutions covering the pH range 4-12 and prepared 
as previously described were run into nine vessels (packed in ice) through 
which purified nitrogen was passing. After about 2 hours aliquots of 
the same sample of freshly expressed infective juice were run into these 
vessels simultaneously by nine operators. After allowing the contents 
of the vessels to become thoroughly mixed, samples were run into dishes 
packed in ice and the eight test systems were inoculated on to the two 
8x8 Latin squares of the first sixty-four plants against the common 
control suspension at pH 7, using the half-leaf method. This particular 



pH value 

Fig. 3. Activity -pH ciirves for tomato spotted wilt vims in the absence of air and at 0° C. 
A, activity after 30-min, contact; /?, activity after 5-hour contact; C, mean of 
A and B, 

pH value for the control suspension has been used throughout, since it 
falls within the optimum zone for this virus and in other respects has 
many advantages. Inoculations were made in order of plant number 
so that the mean inoculation time was the same for all systems. About 
6 hours after the addition of the juice to the buffers this process was 
repeated with fresh portions of inocula on the two Latin squares of the 
second lot of sixty-four plants. Inocula were therefore exposed to air 
only during the inoculation process, and independent experiments have 
shown that at 0° C, inactivation of the virus is a relatively slow process 
even with a continuous air stream passing through the suspension. 

Since the common control suspension was inoculated on the one-half 
of every leaf in the square, the ratio of the number of lesions produced 
by each test system to that produced by the control has been used in 
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constructing the curves of Fig. 3. On account of the necessity to reduce 
the handling of this virus to a minimum the inocula in these experiments 
were inoculated at the pH value of the suspension. However, special 
tests in which inocula at pH values of 5 were adjusted to pH 7 just prior 
to inoculation gave similar results. Other experiments in which the 
medium contained a reducing agent which maintained the reduction 
potential of the suspension well below the range at which oxidative 
inactivation is known to operate also indicated complete inactivation 
at pH values of 4 and 5, whether inoculated at the pH value of the 
suspension or after adjustment to pH 7. The critical pH ranges on both 
the acid and alkaline sides of pH 7 are the same when N. glutinosa is 
used as the test plant. In the case of tobacco mosaic virus many lesions 
are produced on N, glutinosa plants inoculated with suspensions as acid 
as pH 2. Further, in the case of tomato spotted wilt suspensions at pH 5, 
inoculation of the suspensions immediately after preparation results in 
the formation of many lesions per half-leaf, and the number decreases 
progressively with time until the last leaves of a series contain few or no 
lesions depending on the time taken to perform the whole operation. It 
would appear that the effects recorded are on the virus itself. 

We may conclude therefore that the virus is rapidly inactivated at 
pH values at and below 5 and above a pH value in the neighbourhood 
of 10. The mechanism by which the inactivation occurs is not known 
particularly, as our suspensions contain constituents of the juice other 
than the virus. It is possible, for example, that on the acid side the 
action is in the nature of an irreversible precipitation of some con- 
stituents of the juice which carries the virus with it. In view of the fact 
that suspensions adjusted to pH 7 (after being subjected to lower pH, 
values) appear to be as highly dispersed as the control suspension this 
possibility may be ruled out for the present. Suspensions having a pH 
value above 7 are, if anything, more highly disperse than the controls, 
and the above possibility is again improbable. It appears, therefore, 
that the inactivation is connected with the action of hydrogen and 
hydroxyl ions on the virus particles. Studies along these lines may 
therefore give valuable information on those reactive groups of the virus 
concerned in these reactions, and this applies whether the virus is 
enzymic or organismal in nature. 

A comparison of curves A and B of Fig. 3 in conjunction with the 
summary of analysis of variance (Table III) shows that these are similar 
in essentials and differ only in minor details, as, for example, in the 
activities at pH values of 6 and 9*4. In curve A there are no significant 

34-2 
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Table III 

Summary of analysis of variance of experiments recorded in Table II 

pK value ... 4-3 61 61 8 0 8-9 9-4 10-6 12' I 

A. 30>min. contact 

Meandiff. (C-T) 65-7 64 1 7*26 2-19 1-44 9-7 71-4 72-0 

s.E. of each mean = 6-18; for difi. of 14*25 jP= 0*01 and for diff. of 12*7 P = 0*02. 

s.E. of difference between any two means = 7*32; for diff. of 20*1 P = 0*01 and for 
diff. of 18*0 P=0*02. 

B. 6-hour contact 

Mean diff. (C-T) +78*1 >93*9 -16*3 +6*19 +1*00 +16*0 +92*9 +89*0 

s.E. of each mean =6-62; for diff. of 16*6 P = 0*01 and for diff. of 13*8 P = 0*02. 

S.E. of difference between any two means = 7*95; for diff. of 21*9 P = 0*01 and for 
diff. of 19*5 P=0*02. 

differences between 6 and 9*4, whereas in curve B the difference 
between pH 6 and 9*4 is significant, when judged by Fisher's “T' test. 
However, in the majority of experiments where suspensions at pH values 
of 6 and 9*4 have been tested neither has differed significantly from the 
control at pH 7. In view of the many imperfections in even the best 
methods of estimating virus activity we shall postpone a consideration 
of such minor differences until a later date, when more information or 
better methods may make their interpretation less speculative. 

It is of interest to note that the total number of lesions on the 128 
half-leaves inoculated with the control suspension was 9200 at the first 
inocjLilation and 11,424 at the 5-hour inoculation. In view of the high 
count it is very likely that changes in the concentration of active virus 
units in this experiment have been under-estimated. 

VI. The effect of the pH value of the medium on the 

ACTIVITY OF SUSPENSIONS OF TOBACCO MOSAIC VIRUS IN VITHO 
(a) Tirm-activity relationships 

Time-activity curves at various pH values covering the range from 
pH 1 to 11 showed that the virus was very stable over the pH range 2--8, 
and that below a pH value of 2 and above a pH value of 9 partial or 
complete inactivation occurred. These curves further showed that when 
inactivation was only partial the greatest fall in activity took place 
within a few minutes of adding the juice to the buffer solution. This 
immediate rapid fall was followed by a further but slower fall with an 
approach to what appeared to be an equilibrium after a few hours. This 
reaction is shown for a buffer at pH ca. 9 in Figs. 4 and 5. The following 
account of the procedure adopted in arriving at Fig. 5, which illustrates 
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the rate of inactivation of the virus in a buffer solution at 9, will 
serve as a general description of similar experiments. 

Two stock virus suspensions were made up to. double the virus 
concentration required for inoculation, one in the buffer solution under 



7 

2A 


IB 

9A 

9B 


Fig. 4. Activity-time curves for suspensions of ordinaiy tobacco mosaic virus at pH values 
of 2, 7 and 9*4. Temperature of inocula 21*5 ±0*5^0. A, adjusted to pH 7 before 
inoculation; unadjusted. 



Fig. 6. Activity-time curves for suspensions of ordinary tobacco mosaic virus at pH values 
. of 7 and 9. Temperature of inocula 21-23° C, A, adjusted to pH 7 before inocula- 
tion; JB, unadjusted; C, controls at pH 7. 

test (pH 9) and the other in a buffer solution at pH 7 (control). Portions 
of the same lot of centrifuged infective juice were used, so that the 
potential initial virus concentration was the same in each. The test stock 
was then divided into twice as many aliquots as there were to be time 
inoculations. Half of these were labelled as series A and half as series B. 
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An adjusting buffer solution had been prepared from the same stock 
composite solution as the test and control solutions and was 0*04 M with 
respect to total buffering salts, but was so adjusted that when added to 
an equal volume of the test buffer solution the pH value of the resulting 
solution would be the same as that of the control (viz. 7). At appropriate 
time intervals an equal volume of this adjusting buffer solution was added 
to an aliquot of the test suspensions of series A and an equal volume of 
the test buffer solution (pH 9) to an aliquot of series B. At the same 
time control inocula were prepared by adding an equal volume of buffer 
solution of pH 7 to the corresponding aliquots of the control suspensions. 
Actually the addition of adjusting buffer in series A took place when 
the inoculation of the corresponding suspension of series B was half- 
completed. Comparisons of relative virus concentrations were made by 
the half-leaf method. The test plants were sixty-four N, glutinosa plants 
trimmed to four leaves each and arranged in an 8 x 8 square. A separate 
Latin square had been planned for each set of leaves. The test suspensions 
of series A were inoculated against the common control on the opposite 
halves of the third and fourth leaves, while those of series B were 
similarly inoculated on to the first and second leaves. It will be seen that 
the test inocula of series A and the control inocula were identical in all 
respects but one, namely, that the virus of the test inoculum had been 
held at the pH value of the test suspension for the time specified, whereas 
the virus of the control inoculum had been held at pH 7 throughout. 
The test inocula of series B had been kept at pH 9 for approximately the 
same periods as those of series A but were inoculated at the pH value of 
the suspension (pH 9). In all cases inoculations were performed within 
a few minutes of the final addition of buffer solution. The concentration 
of infective juice in the inocula was 1 volume of juice in 200 volumes of 
inoculum (1/200). The pH value of each inoculum was determined just 
before or after inoculation. 

The procedure for the experiment illustrated in Fig. 4 was on the 
same lines, except that in this case inoculations were made at four times 
only and the adjusted and unadjusted suspensions were treated as eight 
systems for the purpose of each 8x8 Latin square. 

A summary of the actual lesion counts from which these curves 
have been constructed is given in Tables IV and V, and the analysis of 
variance is summarized in Table VI. 



Table IV 

Effect of suspending tobacco mosaic virus in buffer solutions of pH. values of 9, 2 and 7 for various time ti 
on the number of lesions produced by subsequent inoculation on to Nicotiana glutinosa leaves 
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Table VI 

Summary of ancdysis of variance corresponding loith Tables IV and V 

A (cf. Table IV) 

Time of contact ... 10 min. 1 hr. 3 hr. 6 hr. 10 min. 1 hr. 3 hr. 6 hr. 

Test held at pH 9*4 and Test held at pH 9-4 and 

inoculated at pH 9*4 inoculated at pH 7 

Meandifif. C-T 31-81 47-75 61*81 69-38 7*31 18-94 34*19 49*94 

s.E. of each mean = 6*83; when diflF. = 18*8 P~0-01 and when diff. = 16*8 P=0*02. 

s.E. of diflF. between any two means=9*66; when diff. =26-6 P=0-01 and when diff. = 23-7 P=0*02. 

Test held at pH 2 and Test held at pH 2 and 

inoculated at pH 2 inoculated at pH 7 

Mean diff. C-T 20-5 26-76 19-31 31-31 -3*19 5*00 4*81 4-56 

s.E. of each mean =4*40; when diff. = 12*1 P=0-01 and when diff. = 10-8 P=0-02. 

s.E. of diff. between any two raean8 = 6*22; when diff. = 17*l P = 0-01 and when diff. = 16-3 P = 0-02. 

B (cf. Table V) 

Time of contact ... 6 rain. 1 hr. 3 hr. 6 hr. 12 hr. 24 hr. 36 hr. 48 hr. 

Test held at pH 9 and inoculated at pH 9 (series B) 

Mean diff, C-T 17-69 26*44 27-94 29-88 30-56 32*19 25*00 26-06 

s.E. of each mean = 2*92; when diff. =8*03 P = 0*01 and when diff. = 7*2 P = 0*02. 

s.E. of diff. between any two means = 4*13; when diff. = 11*4 P = 0 01 and when diff. = 10*1 P=0-02. 

Test held at pH 9*4 and adjusted to pH 7 just prior to inoculation (series A) 
Mean diff. C-T 1*31 15-56 19-88 21*13 21-25 24-31 16-88 16*75 

s.E. of each mean = 2*07; when diff. =5*7 P=0*01 and when diff. = 5-1 P=0 02. 

s.E. of diff. betw'oen any two mcan8 = 2*93; when diff. =8*1 P = 0*01 and when diff. -7-2 P = 0-02. 


(6) Stability of suspensions at pH 7 

Previous tests have shown that provided the test plants had been 
transferred to the laboratory for at least 24 hours prior to inoculation 
their susceptibility does not change significantly when kept in the 
laboratory for further periods up to 4 days from the time of transfer. 
Any significant changes in the number of lesions produced by aliquots 
of a given inoculum when inoculated at intervals extending over this 
period may therefore be fairly interpreted as due to a change in the 
inoculum itself provided the conditions during and after inoculation ^re 
essentially the same. These conditions have been met in the experiments 
described in this paper, with the exception of minor details of an 
uncontrollable nature which will be discussed as occasion arises. 

It is therefore interesting to note that in the experiments just 
described the number of lesions given by the control inoculum does not 
change significantly over a period of at least 24 hours. Curve 7 of Fig. 4 
(cf. Table VII) shows that the control inoculum remained constant over 
the 6-hour period of this experiment. Each point on this curve is 
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derived from sixty-four half-leaf replicates (sixty-four different leaves), 
and represents the total number of lesions on the control half-leaves at 
any time, expressed as a percentage of the number at the first inoculation. 
The curves and C3 of Fig. 5 are arrived at in the same way but are 

based on fewer replicates (16, 16 and 32 respectively per point) and 
show greater deviations, although considering the limitations of the 
biological method and the fact that the inoculations were spread out 
over 48 hours thereby introducing a much larger personal factor, the 
departure of these curves from the horizontal straight line is not great. 

Table VII 

Summary of analysis of variance of controls only of the experiments 
tabulated in Table IV (cf Fig. 4) 

Time 10 min. 1 hr. 3 hr. 6 hr. 

Mean no. of lesions per half-leaf for 32 replicates of 
controls on first and second leaves (corresponding 

with pH 9-4 series) 93 1 98-0 101 1 96-4 

s.E. of each mean = 5*99. 

s.E. of diff. between any two means =8*47, therefore for diff. of 23*3 P=0-01, and for 
diff. of 20*8 P=0 02. 

Mean no. of lesions per half-leaf for 32 replicates of 
controls on third and fourth leaves (corresponding 

with pH 2 series) 64*3 63*5 69*1 66*9 

s.E. of each mean =4*71. 

s.E. of diff. between any two means =6*66, therefore for diff. of 18*3 P = 0*01, and for 
diff. of 16*4 P=0 02. 

Mean no. of lesions per half-leaf for 64 replicates of 
controls on all four sets of leaves 78*7 80*8 86' 1 81*2 

s.E. of each mean = 3*79. 

s.E. of diff. between any two means = 6*36, therefore for diff. of 14*7 P=0*01, and for 
diff. of 13*2 P=0*02. 


Reference to Table VIII shows that taking curves and C 2 separately 
{A and B of Table VIII) there is no significant change over the 48-hour 
period (P < 0*02 throughout). In both and C 2 there is, however, a drop 
from the 24-hour to the 36-hour inoculation. The 48-hour inoculation 
shows no further change, but the lower numbers are sustained. Com- 
bining the results of both experiments (they were done on the same 
plants) we see from Table VIII C that this drop is just significant at 
"Ae P=0*02 level. Since the 48-hour figures are practically identical with 
the 36^hour ones, this fall in the number of lesions between the sixth 
and seventh inoculations is most probably due to a change in the 
susceptibility of the test plants. 
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Table VIII 

Summary of analysis of variance of controls only of the experiment 
tabulated in Table V {cf. Fig. 5) 

Time... 5 min. 1 hr. 3 hr. 6 hr. 12 hr. 24 hr. 36 hr. 48 hr. 

B. Mean no. of lesions per half-leaf for 16 replioates of controls on first and second 
leaves ( corresponding to series B of Tables V and VI) (cf. curve T,, Fig. 5) 

37-0 40*7 37-76 39-26 37-9 39-6 31-1 30-9 

8.E. of each mean = 3*68. 

8.E. of diff. between any two means = 5*20, therefore for diff. of 14-3 P=0 01, and for 
diff. of 12*8P=0-02. 

A. Mean no. of lesions per half-leaf for 16 replicates of controls on third and fourth 
leaves (corresponding to series A of Tables V and VI) (cf. curve Fig. 5) 

20-1 24-6 26-9 26*0 25-4 28-0 21*1 20-4 

8.E. of each mean = 2-37. 

8.B. of diff. between any two means = 3-36, therefore for diff. of 9*21 P = 0-01, and for 
diff. of 8-23 P = 0 02. 

C. Mean no. of lesions per half-leaf for 32 replicates of controls for all leaves 
(cf. curve <7,, Fig. 5) 

28-6 32-7 31-86 32-6* 31-7 33 8 26*1 25-7 

s.E. of each mean = 2- 16. 

s.K. of diff. between any two means =3*06, therefore for diff. of 8-39 P=0*01, and for 
diff. of 7-5 P = 0 02. 


{c) Virus activity at j>K 2 

From Fig, 4 and Tables IV and VI A it is clear that when suspended 
in a buffer solution of pH 2 and inoculated at this pH value significantly 
fewer lesions result than from the control suspension. The drop takes 
place immediately, and no significant changes take place from the 
10-min. to the 6-hour inoculation. On the other hand, when the sus- 
pensions held at pH 2 are adjusted to pH 7 just before inoculation so 
as to eliminate any effect on the test plant due to differences in the 
pH value of the inocula, the number of lesions is not significantly different 
from that of the controls at any one time and there is no significant 
change over the 6-hour period, although the counts for the l-hour, 
3-hour and 6-hour inoculations all lie below those for the corresponding 
controls by 7-3, 7-2 and 7*2 per cent, respectively. 

An interesting problem now presents itself in finding an explanation 
for the large difference between the adjusted and unadjusted suspensions 
which is clearly significant. There are two possible explanations. ( 1 ) There 
is no difference in the actual virus concentrations of suspensions in the 
two series, but inoculation at pH 2 lowers the susceptibility^ of the test 

1 This effect may be a complex one. For example, the pH value of the inoculum may 
determine the state of the protoplasm at the point of entry of the virus into the leaf and 
BO make entry more difficult in Bome cases, and further, since some of the medium will 
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leaves so that fewer lesions result. (2) The differences observed reflect 
real differences in virus concentration, smaller differences obtained in 
the adjusted suspensions being due to a reactivation of previously 
inactivated virus particles. 

Either of the effects outlined in (1) and (2) would suffice to explain 
the facts or both effects may operate. In view of the probable effect 
on the susceptibility of the test leaves we cannot arrive at any con- 
clusions concerning a reactivation in this instance, although we cannot 
ignore the possibility, especially in view of the fact that on the alkaline 
side (at pH 9 for example) a partial reactivation is indicated beyond 
reasonable doubt. 


(d) Virus activity at pH 9*4 

Fig, 4 and Tables IV and VI A show that at pH 9*4 a significant 
rapid drop in virus activity took place during the first 10 min., followed 
by a further slow but steady inactivation which had not reached an 
end-point at the conclusion of the experiment. In this respect both the 
adjusted and unadjusted suspensions behaved alike. Further, the 
experiment (carried out some weeks later) illustrated by Fig. 5 and 
Tables V and VI B clearly shows that there is no differential effect on 
the susceptibility of leaves inoculated with suspensions at pH values of 
7 and 9. We may therefore be confident that in this case the differences 
in the number of lesions represent real differences in the virus con- 
centration. 

The downward trend of both curves (^A and 95 of Fig. 4) is signifi- 
cant. An interesting feature is that the difference between the adjusted 
and unadjusted suspensions gets progressively smaller with time as seen 
by the gradual approach of the curves 9A and 95. The differences 
between the two series at any time are significant except at the last 
inoculation (see Table VI), and the diminishing difference, i.e. the 
approach of the curves, is also significant. The ratio of the amount of 
active virus in inocula of series B at any one time to that in the corre- 
sponding inocula of •cries A appears to be a constant, having the values 
0*71, 0*68, 0*68 and 0*73 at the first, second, third and fourth inoculations 
respectively. We may therefore conclude that portion of the virus was 
completely and irreversibly inactivated at pH 9*4, that the amount of 

enter along with the yiroB the presence of a solution buffered at a pH value veiy different 
from that normal to the part of the leaf where multiplication of the viruB takes plaqe may 
affect the metabolic processes in such a way as to make multiplication of the virus more 
difficult. These and other possible effects are all grouped togeiher under the term ^^suseepii- 
bility" for the sake of simplicity. 
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virus so inactivated increased with time, that a small portion was 
reversibly inactivated (i,e. was reactivated when suspensions were 
changed from pH 9*4 to 7), and that the amount capable of reactivation 
decreased progressively with time during the 6-hour period of this 
experiment. 

(e) Virus activity at pH 9 

As a result of the above findings a further experiment was carried 
out in order to check the reactivation effects, and further, to see whether 
the downward trend would continue to the point of complete irreversible 
inactivation or whether an equilibrium state would be reached. When the 
difference between corresponding points on curves 9A and 9B was 
plotted against the time and the curve was extrapolated to the time 
axis it cut this at about the 10-hour point. The new experiment was 
therefore planned to cover a period of 48 hours with the greater number 
of inoculations falling within the first 12 hours. From Fig. 5 and 
Tables V and VI B it will be seen that the large immediate drop and the 
reactivation effect (both significant) are confirmed. In this experiment, 
however, the reactivation effect is confined to the first inoculation, and 
subsequent to this there is no significant difference between adjusted 
and unadjusted suspensions at any one time. The virus activity in both 
series falls for the first few hours and thereafter remains constant, there 
being no significant difference between the lesion counts for either series 
over the last 45 hours. Taking the average of the four counts covering 
the last 36-hour period, we find that for the adjusted series the lesions 
have been reduced to 16*7 per cent, of the corresponding controls and 
for the unadjusted series to 18*5 per cent. As pointed out previously, 
this circumstance makes it very unlikely that there has been an effect 
on leaf susceptibility of inoculating at pH 9 as compared with pH 7. 
The possibility that a depressing effect at pH 9 on leaf susceptibility 
would be just counterbalanced by a reactivating effect on the virus at 
all four inoculation times is so negligible that it may be ruled out, 
particularly when taken in conjunction with the previous experiment. 
The attainment of what appears to be an equilibrium state is very 
interesting and is discussed later. 

(/) pH activity curve for tobacco mosaic virus 

In view of the fact that the infectivity of inocula buffered at the 
critical pH range appeared to reach a steady state in something less than 
12 hours, this time of contact between virus and buffer was chosen in 
making a comparison of the effect of pH value on the activity of the 
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virus. A number of buffer solutions was prepared to cover the pH range 
from 1 to 11, and suspensions of the virus (from a common stock) were 
prepared and allowed to stand at room temperature (19° C.) for 12 hours. 
Each suspension was then divided into two portions, to one of which 
was added an equal volume of the original buffer solution used in its 
preparation, and to the other portion an equal volume of adjusting 
buffer was added as previously described. The two series of suspensions 
were then inoculated on to the leaves of a 10 x 10 square of N, glutinoaa 
plants. The suspensions of the unadjusted series (B) were inoculated on 
to the first and second leaves arranged in two independent 10x10 Latin 
squares, and the suspensions of the series adjusted to pH 7 (A) were 
inoculated on to the third and fourth leaves of the same plants arranged 



Fig. 6. Activity ctirves for ordinary tobacco mosaic vims. 12<hour contact at 18® C. 
A, suspensionB adjusted to joH 7 before inoculation; By suspensions not adjusted. 

in two further independent Latin squares. In both series the virus had 
been in contact with the buffer at the indicated pH value for 12 hours. 
They differed, however, in that series B was inoculated at the test pH 
value, whereas series A was inoculated after first adjusting the test 
suspensions to pH 7, the pH value of the common control inoculum. 
Comparisons were made as usual by the half-leaf method, so that one-half 
of every leaf (400 in all) was inoculated with the same control suspension 
which had remained at pH 7 throughout. The concentration of all 
inocula with respect to infective juice was 1/200. 

The results of this experiment are set out in Fig. 6 and Tables IX 
and X. Previous to this experiment a number of similar but smaller 
experiments had been carried out in which the time of contact was 
shorter and where narrower pH ranges were covered per experiment. 
These experiments gave results in full accord with the one described, 
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but since the present experiment was more carefully controlled, being, 
in fact, based on the results of previous experiments, we shall omit the 
details and results of these earlier experiments except where they 
supplement the present one, such as for pH values above 11 and below 1. 

Reference to curve A (Fig. 6) and Tables IX A and X A shows that 
there has been no significant change in virus activity under the conditions 
of these experiments over the pH range 2-^*2. On the acid side of pH 2 
a significant drop in activity has taken place which becomes greater 
with increasing acidity until in a 0*5 N HCl solution inactivation is 
complete and irreversible. On account of the alkalinity of the adjusting 
buffers used to adjust such a highly acid solution to pH 7 there was a 
possibility that a fraction of still active virus would be inactivated by 
local regions of high pH value produced during the addition, even though 
the likelihood of such conditions developing was minimized by vigorous 
stirring whilst adding the adjusting solution. Tests were therefore 
carried out in which the preliminary adjustment was made by adding 
solid CaCOg to the acid suspensions until the pH value was brought to 
5 or 6 and then adding an equal volume of buffer solution at pH 7. 
Where lesions resulted (in the case of pH 1, for example) there was no 
significant difference between the suspensions adjusted by means of the 
alkaline buffer solution, and the corresponding aliquot adjusted by means 
of CaCOg provided the slight abrasive action of the excess CaCOg was 
eliminated by adding some solid CaCOg to the other inoculum. In the 
case of 0-5 N HCl suspensions in order to reduce the electrolyte content 
of the inoculum the virus was allowed to remain in contact with the acid 
at a concentration of 1 volume juice in 20 of suspension, finally diluting 
to 10 times this volume before inoculation. The electrolyte concentration 
of the final inoculum was therefore not very different from that of the 
inoculum prepared by adjusting to pH 7 with buffer solution. The two 
inocula were inoculated against each other on opposite hal^^8 of ten 
leaves, and no lesions resulted in either case. A control inoculum 
prepared from the same stock juice but maintained at pH 7 throughout 
was inoculated on the bottom leaves of the same plants and gave an 
average of 16*6 lesions per half-leaf. Since the two methods used to 
adjust acid suspensions to pH 7 give the same results, and since the 
CaCOg is known to have no effect on the virus it is clear that there can 
have been no inactivation due to the use of alkaline adjusting buffer 
solutions. 

Above pH 8*2 a sharp, significant fall in activity occurs until at 
pH 12*5 inactivation is complete. It will be observed that there is no 
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significant difference between corresponding pairs of points on curveel 
A and B for pH values of 7 and above. At pH values below 2 the 
adjusted suspensions are significantly higher than the unadjusted ones 
except where complete inactivation has occurred. The shape of this 
portion of both curves is the same, apparently a straight line of steep 
slope. 

The curves differ in the section between pH 2 and 7, that for curve B 
showing a gradual but distinct falling off in the number of lesions pro- 
duced relative to the control. At pH C the mean difference from the 
control is 3*2 with a s.e. of 2*44 and obviously not significant, but at pH 
values of 2, 3, 4 and 5 the difference from the corresponding control is 
significant with values for P between 0*02 and 0*01. The same argument 
as was used in discussing the time-activity curve at pH 2 (p. 527) may 
be applied to the points on this portion of the curve. It may be added 
that there is some evidence that an aggregation of virus particles plays 
a small part over this portion of the curve. 

The pH ranges over which our siuspensions remain active is practically 
the same as that obtained by Stanley ( 7 ) where the two sets of experiments 
are comparable. In Stanley’s experiments no reactivation of a completely 
inactivated suspension was observed on adjusting to a more favourable 
pH value. This is in agreement with our own results in so far as they 
refer to a completely inactivated suspension. The reactivation demon- 
strated in an earlier section was obtained with suspensions which were 
not completely inactivated and was demonstrable only during the first 
few hours after the preparation of the suspensions. The longer time 
intervals between Stanley’s inoculations would therefore account for the 
absence of a reactivating effect in his experiments. The absence of such 
an effect at his first inoculation may be the result of a high initial virus 
concentration, in which case substantial changes in the concentration of 
active virus units could occur without being reflected in the lesion counts. 


VII. Discussion 

The immediate points of interest arising from the data presented 
have been discussed in the appropriate sections of this paper, and many 
others which naturally arise must await further data before they can be 
properly interpreted, but there are some questions of a more general 
nature which we believe are worth touching upon at this stage. 

The first of these concerns the interpretation of past data and the 
planning of future work. It is obvious that any tests with chemical 

Ann. BioL xxin 36 
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reagents made in the past by virus workers without regard to the pH 
value of their inocula must be reinterpreted in the light of these results, 
and that in testing the effect of any particular treatment it will be 
necessary to arrange matters so that the effect of pH value will be 
eliminated. This applies also to filtration and purification studies. If, for 
example, the pH value at one stage of a purification process is such that 
inactivation of the virus results then erroneous conclusions may quite 
easily be drawn. In studies of dilution curves it has been the custom in 
the past to make up the suspensions in distilled water. The pH value 
and electrolyte content of such inocula will vary with the relative 
proportions of infective juice and distilled water, and since both of these 
factors influence the number of lesions produced such curves will need 
to be redetermined under more strictly controlled conditions. In fact, 
any quantitative studies with plant viruses must be preceded by a study 
of the effect of pH value and electrolyte content of the inocula on the 
number of lesions produced, and any effects should be separated as far 
as possible into those concerned with the virus itself and those concerned 
with the test plants. 

The fact that the pH-activity curves of the two viruses studied in 
this work are so different in nature suggests this relationship as one means 
of differentiating between viruses, and as an aid to classification. There 
are many other applications; for example, tomato spotted wilt virus 
may easily be removed from a mixture with tobacco mosaic virus by 
adjusting the pH value to (say) 4. 

In determining the host range of a virus such as that of tomato 
spotted wilt or its occurrence in various parts of a plant, it will not be 
sufficient to get negative results by reinoculation of expressed juice. 
Such negative tests may be due to an inactivation of the virus by an acid 
juice and will not be conclusive unless pH determinations on the 
expressed juice shows this to be in the range where the virus remains 
active. Even then the presence in the juice of other substances which 
may cause inactivation by other means must not be lost sight of. 

Although extreme care is required in applying results obtained in vitro 
to the probable behaviour of a virus in the host plant there can be little 
doubt that when supplemented by other data it will be possible to 
determine in what parts of a plant a particular virus may or may not 
survive on account of the pH value normal to the part in question. No 
definite conclusions can at present be drawn as to the nature of the 
inactivating processes, but on the whole the evidence points to some 
process other than a simple coagulation, although differences in the 
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degree of dispersion of the virus complex may account for some of the 
effects observed with tobacco mosaic virus. 

Finally, it is tempting to analyse the foregoing results in their bearing 
on the nature of the viruses themselves. Although much more informa- 
tion on these and other aspects is required before this can be done 
without undue speculation several points call for comment. 

( 1 ) The activity-pH curves resemble similar curves for enzymes more 
closely than they do curves for living organisms. 

(2) The attainment of what appears to be a steady state at pH 9 for 
tobacco mosaic virus is very interesting. Since the virus does not 
multiply in vitro at pH values much more favourable than this, we may 
dismiss the possibility that virus is being formed by a multiplication 
process as fast as it is being inactivated at this pH value. Since the data 
make unlikely the supposition that the inocula consist of a mixture of 
strains of differing resistances, this behaviour is strong evidence for the 
non-organismal nature of this particular virus. 

VJII. Summary 

1. The interpretation of lesion counts in terms of the relative con- 
centration of active virus units is discussed in its bearing on our results. 

2. The effect of pH value on the activity of the virus of tomato 
spotted wilt has been examined with the following results : 

(а) Activity-time curves at constant pH value show that in some 
instances in the absence of oxygen and at 0^^ C. suspensions of the virus 
buffered at /?H 7 maintain their activity without loss for at least 1 1 hours. 
In other instances a fall in activity sets in after about 6 hours and in 
others even sooner, but in general suspensions remain at constant activity 
under these conditions for 6 hours or more. Time-activity curves at pH 
values of 5-2, 6-0, 8-7 and 9-2 are also recorded. 

(б) An activity-pH curve for the virus (in the absence of free oxygen 
and at 0° C.) has been constructed. It has been found that the virus is 
rapidly inactivated at and below a pH value of 5 and above a pH value 
of about 10. There is no significant difference in activity over the pH 
range 6-8*9 for a half-hour or 5-hour contact. 

3. A study of the effect of pH value on the activity of ordinary 
tobacco mosaic virus has revealed the following relationships : 

(a) Activity-time curves at constant pH value show that : 

(i) Suspensions of this virus buffered at pH 7 do not change in 
activity over a period of at least 24 hours at room temperature (ca. 20° C.). 

36-2 
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(ii) Suspensions at pH about 9 undergo a rapid fall in activity, but 
eventually reach a steady state and then remain constant. If the 
suspensions (at pH 9) arc adjusted to pH 7 shortly after preparation a 
marked reactivation takes place, the difference in activity of the adjusted 
(to pH 7) and unadjusted suspensions getting progressively smaller with 
time. It is concluded that portion of the virus was completely and 
irreversibly inactivated, that the amount so inactivated increased with 
time, that a small portion was reversibly inactivated (i.c. was reactivated 
when suspensions were adjusted to pH 7), and that the portion capable 
of reactivation decreased progressively with time. 

(iii) Suspensions at pH 2 when inoculated at this pH value cause 
significantly fewer lesions than the corresponding control inocula, whereas 
the activity of suspensions held at pH 2 for various times and adjusted 
to pH 7 before inoculation is not significantly different from that of the 
controls at pH 7. The differences are discussed and in part at least 
ascribed to an effect on the host plants. 

(6) Two activity -pH curves have been constructed for tobacco mosaic 
virus. One, when the suspensions were adjusted to pH 7 after 12-hour 
contact at the test pH values and another when the suspensions were 
inoculated at the test pH value. It is concluded from these tests that the 
virus undergoes inactivation above pH 8*2 and below pH 2. The extent 
of this inactivation varies with the pH value and is complete at pH 1 1 
and 0-5. There is no significant difference in the activity of the virus 
over the pH range 2-8 in the adjusted suspensions and over the pH range 
6-8 for the unadjusted suspensions. Differences between the apparent 
activity of adjusted and unadjusted suspensions at low pH values are 
recorded and their probable causes discussed. Between pH values of 
2 and 5 these differences are relatively small and are probably due in 
the main to an effect of the acidity of the inoculum on the host plant. 

4. The bearing of these results on other problems connected with 
plant viruses is briefly discussed, and it is pointed out that in the case 
of tobacco mosaic virus at any rate they are strong evidence for the 
non-organismal nature of this virus. 
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THE CHARACTERS OF SOME COLIFORM BACTERIA 
ISOLATED FROM GRASS AND GRASS SILAGE 

By L. a. ALLEN and J. HARRISON 
Department of Agricultural Bacteriology^ University of Reading 

It is generally recognized that coliform bacteria may be broadly divided 
into two groups — those occurring naturally on plant surfaces and in the 
soil, and those whose natural habitat is the intestine of animals. Some 
species in the two different categories exhibit such well-marked characters 
(e.g. in relation to formation of acetyl methyl carbinol, growth in citrate 
medium, etc.) that their original habitat may be established with 
reasonable certainty. There are, however, a large number of species 
exhibiting intermediate characters whose identification in this respect is 
a matter of some difficulty. 

It is to be expected that meadow grass will show the presence of 
coliform bacteria either of a type indigenous to grass or of types picked 
up from the neighbouring soil and plant surfaces. Moreover, if the grass 
has been subjected to grazing it is likely to bo contaminated with true 
intestinal types excreted in the faeces of the animals, and the number of 
these micro-organisms found on examination of the grass will no doubt 
vary with the extent of the grazing and the period elapsing between 
grazing and bacteriological examination. Fresh grass used for silage is 
therefore certain to show appreciable counts of coliform bacteria, and 
it is a matter of considerable interest to determine what influence this 
group of organisms may have in contributing to the subsequent fer- 
mentation of the silage. 

Previous investigations on the subject do not appear to be extensive. 
Heineman & Hixson (i) found a member of the colon-aerogenes group in 
corn silage in the early stages only and suggested that the first phase in 
fermentation, of short duration, was caused by this group and resulted 
in the formation of acid and gas. Hunter (2), using either corn or peas 
and oats silage, found coliforms varying from 1000 to 100,000,000 per 
gram in different samples. In one investigation the numbers fluctuated 
considerably tiiroughout the ripening period of the silage, but in the 
remainder, after a high count in the early stages, the numbers decreased 
rapidly, Ruschmann(6,0) concluded that representatives of the coli- 
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aerogenes group, together with butyric acid bacteria, yeasts and lactic 
acid bacteria, probably contribute to the formation of acetic acid in 
silage. It is of interest to note also that Miehe (3) found a coliform species, 
Bacillus coli forma foenicola, to be responsible for the initial heating of hay. 

Investigations aimed at identifying species commonly found in silage 
or establishing the extent to which they take part in its fermentation 
appear to be lacking. In an attempt to remedy this deficiency to some 
extent, so far as grass silage is concerned, it was decided to determine 
the numbers of coliform bacteria present in various samples of fresh 
grass and in silage at different stages during its fermentation and to 
isolate and determine the characters of the predominant species. 

Experimental 

Media and temperafure of incubation. The usual presumptive test for 
coliform bacteria is carried out at 37"^ C. in lactose-bile-salt broth. 
Preliminary experiments showed that if parallel tests were made on 
grass extract in the above medium at 30 and 37° C. respectively the 
count of gas formers at the lower temperature was nearly always much 
the higher of the two. The reasons for this are discussed later, but it 
may be noted here that tests for coliforms in grass and silage should 
certainly be carried out at 30° C. Solid media found suitable for isolation 
of separate species or for stock cultivation, particularly for capsulated 
types, were an extract of haricot beans made up with dextrose and agar, 
and yeast extract dextrose agar. 

Numbers and types of coliforms in fresh grass 

Six samples of spring grass were obtained from different localities. 
Samples I and 2 were from areas not grazed for 12 months, samples 3 
and 4 from areas grazed by sheep until 2 weeks before cutting, and 
samples 5 and 6 from areas not grazed for several weeks before cutting. 
Each sample, consisting of about 2 kg., was well mixed and 50 g. ground 
in a sterile mortar with 450 ml. of saline warmed to 45° C. Further 
dilutions were prepared in tubes of saline. Quantities of 1 ml. from each 
dilution were inoculated into two parallel sets of bile-salt broth tubes, 
one set being incubated at 30° C. and the other at 37° C. The results are 
shown in Table I. 

It is evident that the number of bacteria capable of giving the usual 
presumptive test at 37° C. is very small in all samples of grass, whether 
grazed or ungrazed. On the other hand, the same test at 30° C. shows 
the presence of considerable numbers of gas producers, sometimes as high 
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as 1,000,000 per gram. Three pure cultures of the organisms responsible 
were isolated from the highest dilutions of the bile-salt broth showing 
fermentation at 30° C. in the cases of samples 6 and 6. 

Table I 


Number of coliforms per gram of fresh grass giving the presumptive 
test at 30 and 37° C. respectively 


Sample 

1 Ungrazed 

2 Ungrazed 

3 Grazed 

4 Grazed 
6 

6 


Number at 30° C. 

1,000 

10,000 

1,000,000 

100,000 

100,000 

1 . 000,000 


Number at 37° C. 

Under 100 
Under 100 
100 

Under 100 
Under 100 
Under 100 


Additional strains were obtained as follows: Fresh autumn grass was 
packed in quantities of 25 lb. in large tins, covered with sand and stored 
at room temperature (about 15° C.). The whole contents of a tin were 
periodically used for a sample, from which extracts were prepared as 
above and plated on dextrose-bean-extract agar. The fresh grass gave 
large, spreading, translucent, mucoid colonies to the extent of about 

200,000 per gram. Samples were plated eight times over a period of 
15 days, and it was found that there was an increase in the numbers of 
this type of colony, particularly at the end of the period when there was 
a count of approximately 80,000,000 per gram. Thirteen cultures of this 
type were isolated, and these, together with the three referred to above, 
were studied in detail and found to fall into two groups: 

Group 1 (fourteen cultures). Short, Gram-negative, motile, non- 
sporing rods. On media containing dextrose the growth was mucoid and 
spreading and the cells showed well-marked oval capsules. On nutrient 
agar the growth changed to a less mucoid one and capsules usually 
disappeared. Gelatin was very slowly liquefied. Stab cultures incubated 
at 20° C. showed a barely visible pit of liquefaction after 18 days, and 
complete liquefaction occurred only after several weeks. 

Litmus milk cultures at 30° C. showed acid and gas formation with 
complete reduction of the litmus after 48 hours, followed by clotting 
after about 5 days. Slow peptonization then took place which was 
considerable after about 4 weeks. 

The organisms were positive to the methyl-red test but did not 
produce indol. Tests by O’Meara’s method (4) in dextrose-sodium fumarate 
broth gave positive results for the formation of acetyl methyl carbinol. 
Growth occurred in Koser’s citrate medium. Nitrates were reduced to 
nitrites. 
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Acid and gas were formed from dextrose, lactose, sucrose, maltose, 
mannite, rafiSnose, salicin and dulcite and in lactose broth containing 
0-5 per cent, of bile salt. No change was produced in inulin or adonite. 

The temperature relations of these strains were peculiar. They grew 
well at 20° C. and rapidly and luxuriantly at 30° C., but refused entirely 
to grow at 37° C. in any of the media tested. They will thus give the 
presumptive test for coliforms if the test medium is incubated at 30° C., 
but not if incubated at the usual temperature of 37° C. 

Group 2 {two cultures). The reactions of these two strains were 
identical with those in group 1 with the exception that they did not 
ferment dulcite. 

The characters of these organisms (both groups) show them to be 
intermediate between the typical Bad. ladis aerogenes (V.P. positive, 
methyl-red negative, citrate positive) and the typical Bacillus coli (V.P. 
negative, methyl-red positive, citrate negative). Werkman & Gillan(7) 
proposed the new generic name Citrobader for certain intermediate 
species showing citrate and methyl-red positive qualities and reducing 
nitrates to nitrites. Members of this new genus, however, are described 
as not forming acetyl methyl carbinol from dextrose except rarely and 
then only in traces. The strains from grass described here were all positive 
to O’Meara’s test and so cannot be assigned with any certainty to the 
genus Citrobacter. Their slow proteolytic action, general carbohydrate 
fermentations and formation of acetyl methyl carbinol are similar to 
the characteristics of Bacillus cloacae, but they are difTerentiated from 
this organism by their temperature relations and methyl-red positive 
character. The apparently wide distribution on grass and the well- 
marked characters of these strains when freshly isolated perhaps justify 
a new species name; that of Bacillus (Aerolmcter) aerogenes graminis is 
suggCwStcd. 


Numbers and types of coliforms in silage 

Fresh spring grass was packed^ in twelve small concrete experimental 
silos, each holding about J ton of material. Bacteriological examinations 
were made at intervals during the period of fermentation, the contents 
of a whole silo being used on each occasion. Samples were taken from 
the top and bottom halves and examined separately, each sample 
consisting of small portions abstracted with sterile tongs at different 
depths, combined and mixed. Extracts and dilutions were prepared as 

^ Under the direction of Dr S. J. Watson for some other experiments undertaken 
jointly with him. 
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above and 1 ml. of each inoculated into (a) bile salt lactose broth 
incubated at 30° C., (b) the same medium incubated at 37° C., (c) xylose 
broth incubated at 30° C. 


Table II 

Numbers of colif or m bacteria per gram of grass silage at intervals 
during ripening 

Numbers producing acid and gas in following broths 


Age of 

Bile salt 

Top half 

Bile salt 

Bile salt 

Bottom half 

Bile salt 

silage 

lactose 

X vloso 

lactose 

lactose 

Xylose 

lactose 

days 

30^ C. 

30" C. 

37“ 0. 

:io" C. 

30° C. 

37“ C. 

0* 

100,000 

1,000,000 

<100 

1,000,000 

10,000,000 

<100 

1 

100,000 

100,000 

<100 

1,0(X).000 

1,000,000 

<100 

2 

10,000,000 

1,000,000 

100 

100,000 

100,000 

100 

3 

1,000.000 

10,000,000 

<100 

1,000,000 

1,000,000 

100 

4 

100,000 

1,000,000 

10(J 

10,000,000 

10.000,000 

1,000 

5 

100,000 

10,000,000 

100 

10,000,000 

10,000,000 

100 

8 

100,000 

1,000,000 

10,000 

10,000,000 

100,000,000 

10,000 

11 

1,000 

< 10,000 

10 

100,000 

1,000,000 

10,000 

17 

10,000 

100,000 

100 

100,000 

1,000,000 

10,000 

28 

100 

<10,000 

100 

100,000 

<10,0(H) 

100 

43 

<100 

10,000 

10 

<100 

100,000 

10 

87 

10 

1,000 

100 

100 

100,000 

1,000 

117 

10 

100 

10 

100 

1,000 

100 


♦ Fresh grass. 


The number of organisms producing acid and gas in these media are 
shown in Table II, Three conclusions appear to be justified from these 
figures: (1) The number of coli-forms capable of forming acid and gas 
at 30° C. is high in the fresh grass, and this number is maintained or 
slightly increased in the silage until the 8th day, following which there 
is a definite decrease. (2) Parallel inoculations into bile salt lactose and 
into xylose^ broth show that, in twenty-three tests, sixteen (or 70 per 
cent.) showed a larger number of gas formers in the latter medium, six 
(or 26 per cent.) showed an equal number in the two media, and only one 
sample showed a greater number in the bile salt broth. Inoculations 
from the highest dilutions of xylose broth showing acid and gas into a 
fresh tube of bile salt broth resulted in every case in acid and gas 
formation. These data indicate that bile salt has an inhibitory effect on 
the growth of some coliform bacteria which results in the presumptive 
test giving a lower number than the number actually present. In the 
presumptive testa made by Hunter (2) for coliforms in silage no depressing 

^ The xylose broth was sterilized by heat which caused a certain amount of decom- 
position. It was found subsequently that positive results in this medium do not necessarily 
mean that the test organism ferments xylose. 
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effect was noted in lactose-bile salt as compared with plain lactose broth. 
His tests were, however, carried out at 37° C. and on a different type 
of silage. The inhibitory effect is evidently more pronounced in the older 
samples when the growth curve of the coliforms in the silage is showing 
a downward trend, and there are therefore an increasing number of 
moribund cells present. On being inoculated into a fresh nutrient medium 
without bile salt the latter are apparently resuscitated and ferment sugar 
in the usual way, but in the presence of bile salt they are too feeble to 
overcome its inhibitory effect. (3) The number of coliforms giving the 
presumptive test at 37° C. is very small in fresh grass, while in the silage 
the number is always small compared with those giving the test at 30° C. 
The reason for this was found to be that the predominant strain through- 
out the period of fermentation of the silage was of the BadUus aerogenes 
grarninis type. 

Pure strains of predominant coliform bacteria were isolated from the 
highest dilutions of the bile salt broth showing acid and gas at 30 and 
37° C. respectively at various ages of the silage. At the lower temperature 
tests made on seven isolated cultures showed them all to possess the 
characters of B. aerogenes graminis described above. 

Eleven strains were isolated from the tubes at 37° C., and their 
characters are shown in Table III. It may be seen that nine strains are 
either typical B, coll commumor or closely allied forms, one strain 
corresponds with B. cloncne and one strain appears to be a non-liquefying 
variant of the latter organism. 

Table III 

Characters of predowinant coliforms isolated from bile salt broth at 37° C. 


No. 
of cul- 

Lac- 

& 

Dul- 

Nitrates 

re- 

Methyl 

O’Meara’s 

Grelatin 

lique- 

tures Motility 

tose 

cite 

Adonite diiced 

red 

Indol test 

faction 

3 + 

-f 

4- 

f- 

4 

4 

4 

- 

2 4 

4 

4 

4 

4 

4 

_ 

- 

4 4 

4 

4* 

4 

4 

4 

- 

- 

1 4 

4 

4 

4 

4 

- 

4 

-f 

1 4 

4 

4 

4 

4 

- 

4 

- 




* Only slight gas evolved. 

Discussion 




It is evident that the type of coliform bacterium which is apparently 
widely distributed on grass does not increase in numbers to any great extent 
in silage and shows a marked decline after 8-10 days. The decrease in 
numbers is more pronounced in the upper layers than in the lower. These 
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facts are probably explained by the temperature limits for growth of 
these micro-organisms in relation to the temperature of the silo contents. 
Readings taken by inserting thermometers when opening each silo showed 
that the temperature in the top half rose to a maximum of 39° C., attained 
on the 4th day, while the bottom half reached a temperature of 33° C. on 
the 17th day. The actual temperatures attained in the silage were no 
doubt somewhat higher than those recorded by these methods, and it 
is fair to assume that the decrease in numbers of the B. aerogenes graminis 
type of organism took place as soon as the temperature in the silage 
approached 37° C. or higher. This evidently occurred more quickly in 
the upper than in the lower layers. Before that condition occurred it is 
possible that this group of micro-organisms contributed to the early 
stages of fermentation, though the increase in numbers is not so large as 
to suggest that the contribution was a very important one. The part thus 
played will presumably depend largely on the time taken by the silage 
initially to reach the temperature inhibitory to their growth. 

The number of coliforms capable of growing at 37° C. was never large 
enough to be responsible for an appreciable fermentation in the silage. 

Summary 

The species of coliform bacterium predominant on fresh grass was 
found to be a capsulated type growing well at 30° C. but unable to grow 
at 37° C. For this reason it will not be detected by the presumptive test 
in bile salt-lactose broth at 37° C. The name Bacillus (Aerobacter) aerogenes 
graminis is proposed for this species. 

It is possible that coliforms of the above type contribute to a small 
extent to the initial fermentation of the silage. Those coliforms giving 
the presumptive test at 37° C. were found in such small numbers in the 
silage investigated that their influence was concluded to be negligible. 

This work forms part of some research carried out under grant from 
the Research Council of Imperial Chemical Industries, Ltd., to whom the 
authors wish to make due acknowledgement. Valuable help was also 
received from Dr S. J. Watson, who supplied samples of grass and silage. 
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A COMPARATIVE STUDY OF LACTOBACILLI FROM 
GRASS SILAGE AND OTHER SOURCES 

By L. a. ALLEN and J. HARRISON 
Department of Agricultural Bacteriology, University of Reading 

The fermentation of grass silage results, amongst the other changes 
consequent upon plant respiration and bacterial growth, in a lowering of 
the pH from an initial value of approximately 6*0 to a value between 
4‘0 and 4-5, normally reached after the first few days. The chemical 
quality and feeding value of the final product, used after a ripening 
period of 3-6 months, depend upon the fermentation having been 
controlled in such a way as to preclude excessive loss of proteins and 
carbohydrates and formation of large quantities of volatile acids. In this 
control lactobacilli may play an important part. Most species show 
vigorous growth under conditions of comparatively high hydrogen-ion 
concentration, and some will flourish at as low a pH as 3-5. They 
result in only slight proteolysis, and the products of carbohydrate 
metabolism consist mainly and, in many cases, almost entirely of lactic 
acid, which not only tends to reduce the pH still further so as to inhibit 
many types of spore-forming anaerobes but also has a definite feeding 
value. The work of Fred et aL{^) and of Peterson et r?/. (lo) has indicated 
the influence of this group of bacteria in the fermentation of corn silage 
and, although they found definite effects in inoculation experiments with 
Lactobacillus bulgaricus and Bacillus lactis acidi, they state that in 
uninoculated corn silage the species present in the largest numbers was 
Lactobacillus pentoaceticus, a type which forms, in addition to lactic acid, 
appreciable quantities of COg, alcohol and volatile acids. 

For these reasons, and as a preliminary J)o inoculation experiments 
with suitable species, it was decided to study in detail the lactobacilli 
isolated from several types of grass silage and to compare them with 
species isolated from other sources. The silages were all made from young 
grass. The high protein content of this material increases the possibility 
of deleterious proteolysis and renders it all the more essential that the 
course of fermentation should be controlled to prevent it. 

Experimental 

Sources of isolated cultures. Six different grass silages were used, the 
first five being made from autumn grass subjected to different treatments 
during ensilage: (I) ordinary grass, (2) whey silage, containing 2*5 per 
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cent, of added whey paste or 1 per cent, lactose, (3) molasses silage, 
containing 2 per cent, of added molasses, (4) acid molasses silage, to 
which 4*4 per cent, of 1-67 N hydrochloric acid and 0*7 per cent, of 
molasses had been added, (5) A.I.V. silage. Each of these was sampled 
when 3-5 months old. The sixth silage was made from spring grass, 
and samples were taken for examination at frequent intervals during the 
course of fermentation. 

Other sources used for comparative purposes were Cheddar cheese, a 
“lactic” soft cheese and Laban-el-Zabady (an Egyptian fermented milk). 

Methods of isolation, 50 g. of silage were (‘xtracted in a mortar with 
450 ml. of saline and successive dilutions of this extract prepared in tubes 
of saline. Pure cultures were isolated by one of three methods: (1) by 
inoculating 1-ml. quantities of the dilutions into tubes of yeast-extract- 
dextrose broth, which were incubated anaerobically at 30° C. for 10-15 
days. The highest dilution showing growth was then plated on beerwort 
agar or on yeast-extract-dextrose-peptonc agar, covered in each case by 
a second layer of the sterile medium; (2) by plating the dilutions of the 
extracted material directly in double layers of the solid media as above; 
(3) by preparing shake cultures from the dilutions in eith(*r of the above 
two solid media, buffered to a pH of 4*2 by addition of citric acid and 
potassium citrate as recommended by Davis (2). Single colonies obtained 
by each method, after suitable incubation periods, were transferred to 
broth. Methods (1) and (3) were found to be the best for general use, 
since method (2) allowed the growth of considerable numbers of other 
types of bacteria. The shake cultures at pH 4*2 allowed only yeasts and 
surface moulds to grow in addition to lactobacilli, and since, in the 
materials tested, the form(‘r were present in comparatively small numbers 
the latter were easily isolated from the higher dilutions in a condition 
of purity. On the other hand, comparison of this method of isolation 
with the use of broth cultures under anaerobic conditions showed that 
the former allowed growth of only a fraction of the total numbers of 
lactobacilli present owing to the inhibitory effect of the low pH. This 
effect is illustrated by the figures in Table I, which shows the counts of 
lactobacilli obtained by the two different methods from the same silage 
extract in each case at intervals during the ripening period of normal 
grass silage. From these results it would appear that, as the numbers of 
lactobacilli in the silage increased, the proportion able to resist acid 
conditions also increased. That the inhibitory effect of low pH is much 
greater in the case of very young cells than in older ones was shown by 
preparing two parallel sets of shake cultures from the same strain (in 
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Table I 


Comparative numbers of lacfobacilU (per gram of silage) obtained by 
two different meihods from the same silage extracts 


of 

Shake 

Anaerobic 

A^ of 

Shake 

Anaerobic 

silage 

cultures 

broth cul- 

silage 

cultures 

broth cul- 

(days) 

pR 4*2 

tures pH 7-0 

(days) 

pR 4-2 

tures pH 7-0 

0 

10 

10« 

11 

210,000 

10* 

1 

JO 

10« 

17 

620,000 

10* 

2 

10 

W 

28 

9,300,000 

10* 

3 

300 

10* 

43 

1,230,000 

10’ 

4 

2600 

10’ 

87 

2,200,000 

10* 

6 

3500 

10’ 

117 

400,000 

10* 

8 

3700 

10* 





yeast-dextrose broth) of Lactobacillus plantarum at intervals during its 
incubation at 37° C. One set was prepared at pH 4-2 and the other at 
pH 7-0. Table II shows the counts obtained in each case. The effect here 
is no doubt mainly due to the fact that, as the broth culture aged, the 
acid formed as a metabolic product killed the less acid-resistant cells, 
leaving an increasing proportion able to withstand a pH of 4*2. 

Table II 


Duplicate counts (thousands per mh) of Lactobacillus plantarum 
in shake cultures at different pH values 


Age of 
cmture 

Count at pR 7 0 

Count at pH 4*2 

(days) 

I 

II 

I 

II 

1 

53,000 

. 54,000 

610 

250 

2 

23,000 

30,000 

1900 

2000 

3 

7,100 

6,800 

6600 

6100 

4 

4,600 

4,000 

3100 

2900 

6 

4,300 

4,700 

3400 

3800 

8 

4,200 

3,300 

2000 

2900 

10 

3,600 

3,000 

2200 

2400 

13 

3,500 

3,400 

1400 

2100 


A further point of importance is the influence of incubation tem- 
perature on the count obtained in acid shake cultures. Table III shows 
the counts in two parallel sets of shake cultures prepared from the same 
silage extract, one set being incubated at 30° C. and the other at 37° C. The 
inhibitory effect of low pH is evidently greater at the higher temperature. 
That the difference in numbers was not due to the presence of strains 
unable to grow at 37° C. under normal conditions was shown by isolating 
a number of pure strains from the 30° C. tubes and testing them in 
neutral broth at 37° C. when satisfactory growth was obtained. 

It is clear that acid shake cultures cannot be relied upon to give even 
an approximate idea of the total numbers of lactobacilli present and, for 
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this reason and in order to be certain of isolating predominant types, the 
method of anaerobic broth cultures is to be preferred. 

Table III 

Effect of incubation tenvperatufe on the oourU, (thousands per gram 
of silage) of lactobacUU in shake cultures at pH 4*2 


Silage sample 

Count at 30** C. 

Count at 37® C. 

1 

2400 

770 

2 

190 

27 

3 

9300 

3400 

4 

104 

9-1 

5 

1230 

69 

6 

5000 

230 

7 

2200 

610 


Methods of comparison and identification. The absence of biochemical 
activity exhibited by the lactobacilli, except in the direction of carbo- 
hydrate decomposition, which in any case results in a restricted number 
of metabolic products, renders their identification difficult. The following 
simple media were first used in order to test the reactions of isolated 
cultures: litmus milk, litmus milk containing 0*3 per cent, yeast extract* 
the same two media containing 1 per cent, added dextrose, and various 
sugar broths containing, in addition to the test sugar, litmus, peptone and 
0*3 per cent, yeast extract. Sterilization of most of these was accom- 
plished satisfactorily by steaming but, in the case of a few media, notably 
xylose and arabinose broths, it was found necessary to sterilize by 
filtration through a Berkefeld filter to avoid decomposition of the sugar 
by heat. The reactions in milk media and in dextrose, lactose, sucrose 
and maltose broths, of strains isolated from the various sources are 
shown in Table IV, the rapidity of acid formation in milk media being 
indicated approximately by the number of plus signs. 

It may be seen that the cultures can be divided into five groups, most 
of them being contained in the first four. The growth in milk media of 
all those isolated from silage was stimulated to a varying extent by 
yeast extract. Strains in groups 1 and 2 showed slow growth in milks 
without yeast extract, group 2 being differentiated from group 1 by 
inability to ferment sucrose broth. Group 3 exhibited no growth in milk 
media without yeast extract and required the addition of both yeast 
extract and dextrose to give good growth. Strains in group 4 showed no 
growth in plain litmus milk, were stimulated by the addition of either 
yeast extract or dextrose, and still more so by the addition of both 
substances together. Inability to grow in milk in the case of groups 3 
and 4 was obviously not due to inability to ferment lactose, though, in 
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fact, strains in these groups usually fermented lactose broth more slowly 
than dextrose broth. Moreover, in the case of group 4 at least, this 
inability was not due to the inadequacy of caseinogen as a source of 
nitrogen, since the growth was stimulated by dextrose. It seems probable 
that the growth-encouraging properties of both yeast extract and of 
dextrose are partly due to the influence of these substances in lowering 
the oxidation-reduction potential. 

Table IV 

Acid formation by lactobacilli in carbohydrate media 
Litmus milk media 







Dex- 

Yeast 







Yeast 

trose 

dextrose Sugar broths 




No. of 

Litmus 

litmus 

litmus 

litmus 



Group Source 

strains 

milk 

milk 

milk 

milk 

Dextrose Lactose Sucrose Maltose 

1 

Spring silage 

Autumn silage 

62 

6 

+ 

+ + + 

+ 

+ + + 

+ + + 

+ 


Whey silage 

1 








Molasses silage 

5 








Acid molasses silage 

5 








A.I.V. 

1 







2 

Spring silage 

Molasses sikge 

31 

5 

+ 

+ + + 

+ 

+ + + 

+ + “ 

-1- 


Eg^tian fermented 

1 







3 

Spring silage 

12 

- 

- or 

- 

+ + 

+ - 

+ 


Acid molasses silage 

3 


slight 






Cheddar cheese 

1 


acid 






Lwtic cheese 

1 







4 

^ring silage 

Whey silage 

,30 

1 

- 

+ 

+ 

+ + 

+ + *- 


6 

Cheddar cheese 

2 

+ + + 

-1- + + 

+ + + 

+ + + 

+ + + 

+ 


Group 6 consists of two strains isolated from Cheddar cheese, able to 
grow well in milk media, unaffected by yeast extract or dextrose, and 
able to ferment a wide range of carbohydrates. Davis (3), in a study of 
the use of similar litmus milk media for the diagnostic culture of lactic 
acid bacteria, found that L. plantarum was stimulated by yeast extract, 
and that several other plant strains of lactobacilli were stimulated by 
dextrose. Typical milk bacteria he found to be unaffected by addition 
of either yeast extract or dextrose. 

A number of strains (mainly from spring grass silage) was selected 
from each of these groups and tested in xylose, arabinose and salicin 
broths. The pentoses were used particularly because they are known to 
be formed by degradation of plant carbohydrates, and it has been found 
by Peterson & Fred(S) that the pentose-fermenting bacteria play a large 
part in the formation of corn silage. The results are shown in Table V. 
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It appears that less than 30 per cent, of the silage lactobacilli fermented 
xylose. The majority fermented either arabinose or salicin or both. 

Table V 

Fermentation characters in xylose^ arabinose arid salicin broths 

Number 


Group 

Source 

of strains 

Xylose 

Arabinose 

Salicin 

I 

Spring silaffe 

Autumn silage 

4 

+ 

4 - 

4 - 


1 





Acid molasses silage 

1 





Cheddar cheese 

2 




II 

Spring silage 

4 

■f 

+ 

- 


Acid molasses silage 

1 




III 

Spring silage 

Molasses silage 

17 

1 

- 

4 - 

4 - 


Whey silage 

1 




IV 

Spring silage 

Molasses silage 

2 

1 

- 

4 - 

- 

V 

Spring silage 

6 

- 

- 

4 - 

VI 

Lactic cheese 

1 

- 

- 

_ 


Egyptian fermented milk 

1 





Total' 

42 

13 

35 

32 


Identification of metabolic products. In order to secure further data 
for the comparison and identification of cultures from various silages 
and other sources it was decided to estimate the relative proportions of 
lactic and volatile acids formed by dissimilation of dextrose, the optical 
activity of the former and the type of the latter metabolic product. 
For this purpose representative cultures from the different sources were 
inoculated into flasks containing 500 ml. of sterile yeast-extract-dextrose- 
peptone broth and 25 g. of calcium carbonate. These were incubated at 
30° C. for upwards of 4 weeks and shaken each day to neutralize developed 
acidity. The culture was then filtered, the precipitate washed and the 
volume of filtrate made up to 500 ml. Metabolic products were identified 
and estimated as follows : 

Lactic acid. 50 ml. of filtrate were distilled to half- volume to remove 
aldehydic substances and the residue was treated with zinc sulphate and 
NaOH to remove proteins, and copper sulphate and lime to remove 
carbohydrates. Lactic acid was estimated in an aliquot portion of the 
supernatant liquid by the method of Friedemann & Graeser(6). 

For extraction of the lactic acid 150 ml. of culture filtrate were treated 
with 20 ml. of strong sulphuric acid and the precipitated calcium 
sulphate removed by filtration. At first the method used by Orla- 
Jensen(7) and Van Niel(ii) — evaporation of the acidified filtrate on a 
water bath to a small bulk, admixture of excess anhydrous sodium 

36-2 
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sulphate and extraction of the solid mass with ether in a Soxhlet 
apparatus — was adopted, but subsequently it was found more con- 
venient to use a wet extraction method. For this purpose the acidified 
filtrate was extracted with six to eight successive portions of 100 ml. of 
ether in a separating funnel, the ether extracts being combined and 
evaporated on a water bath. The lactic acid yielded by either method 
was taken up with a small quantity of water and boiled with zinc oxide 
and charcoal until neutral to litmus. Zinc lactate was then recovered 
from the filtrate in three or four successive fractions by evaporation, and 
each fraction was purified three times by recrystallization. To determine 
whether the zinc salts so obtained were active or inactive the method 
recommended by Fred et ah{^) was used. The material was dried in a 
desiccator for 4-6 days and the moisture content determined after 
heating at 106-110° C. for 2^-3 hours. The moisture content of active 
zinc lactate is 12-86 per cent., that of the inactive 18-16 per cent. 
Fractions found by this method to be active were submitted to polari- 
metric tests, the rotation of the lactic acid formed by the culture being 
taken as opposite to that of the zinc salt. 

Volatile adds, 75 ml. of culture filtrate were treated with 6 ml. of 
sulphuric acid and 20 ml. of water and volatile acids estimated and 
identified by the method described in a previous communication (Allen 
& Harrison (1)). 

Alcohol. In the case of culture 19 (Table VI) an appreciable quantity 
of volatile acids and comparatively small amounts of lactic acid were 
formed. This strain differed further from other cultures tested in pro- 
ducing in the chalk dextrose broth a strong unpleasant cheesy odour 
reminiscent of sour silage. The distillate obtained from the neutralized 
culture was found to be free from acetone and almost free from aldehydes 
but to contain alcohol. A second flask of the same culture was used to 
concentrate the neutral volatile distillate. Proteins were removed by 
means of zinc sulphate and NaOH and the filtrate distilled to half- volume 
three times in succession. The iodoform test was positive at 60° C. and 
negative at 20° C. The specific gravity of the concentrated distillate 
corresponded to an alcohol content of 0-3 per cent, in the original culture. 

In all the cultures tested, with the exception of No. 19, Table VI, 
the Duclaux figures showed that the volatile acids consisted almost 
entirely of acetic acid with only traces of other acids. Where a oultiire 
formed active lactic acid, alone or mixed with the inactive type, this was 
found in every case to be dextro-rotatory. 

The results for moisture contents of zinc lactates, percentages of 
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Table VI 

Metabolic 'productc formed from dextrose by selected cultures of lactobadUi. 
Percentage moisture contents of zinc lactate and relative percentages of 
lactic and acetic adds 

% moUture content % acid formed 

of zinc lactate from dextrose 

Fraction , ^ 


Culture 

Source 

' 1 

2 



3 

Lactic 

Acetic 

lactic/aoetio 

1 

Spring ffrasa silage (3 days) 

18-27 

18-24 

— 

— 

— 

— 

2 

„ „ (8 days) 

18*34 

18-31 

18-24 

— 

— 

— 

3 

„ „ (8 days) 

18-16 

18-01 

18-16 

— 

— 

— 

4 

M «. (87 days) 

18-21 

18-38 

— 

— 

— 

— 

5 

»» »♦ (87 days) 

18-32 

16-29 

— 

— 

— 

— 

6 

♦» »t (87 days) 

18-30 

18-37 

— 

— 

— 

— 

7 

»t *» (M*^ days) 

18-17 

17-90 

12-88 

— 

— 


8 

Autumn grass silago 

18-28 

18-24 

18-33 

2-41 

0-166 

100/ 6-9 

9 

Molasses silage 

18-41 

18-70 

18-21 

2-61 

0-072 

100/ 2-8 

10 

*» »♦ 

13-11 

1305 

13-02 

4-67 

0-046 

100/ 1-0 

11 

tf tt 

18-02 

18-04 

— 

2-66 

0-161 

100/ 6-3 

12 

Acid molasses silage 

18-03 

— 

— 

1-26 

0-269 

100/20-6 

13 

ft tt 

18-00 

18*12 

18-16 

2-57 

0-076 

100/ 3-0 

14 

Whey sila^ 

Cheddar cheese 

18-65 

17-09 

12-38 

2-54 

0-078 

100/ 3-1 

15 

12-96 

— 

— 

3-71 

0-079 

100/ 2-1 

16 

ft ft 

18-12 

13-17 

12-90 

3-38 

0-146 

100/ 4-3 

17 

Lactic cheese 

18-28 

18-07 

18-45 

3-29 

0-070 

100/ 2-1 

18 

Egyptian fermented milk 

18-29 

18-13 

— 

1-83 

0-265 

100/13-9 

19 

Whey silage 

Forms 

lactic acid (43-3 ml. A^/10), volatile acids 

(36-8 ml. Jf/lO) and alcohol (0-3%) 

lactic and acetic acids formed from dextrose, and the ratios of the two 


latter figures are shown in Table VI for nineteen selected cultures. In 
Table VII are shown the reactions of these same cultures in milk media 


and in various broths. 


Conclusions 

The results demonstrate the fact that, for adequate comparison and 
identification of lactobacilli, a considerable amount of information is 
necessary. Thus complete correlation is rarely possible between results of 
analysis of metabolic products and reactions in milk media and sugar 
broths, nor do either of these appear to bear any constant relation to the 
source of the culture. Two of the three cultures from Cheddar cheese 
fall into Davis’ (3) category of typical milk bacteria; they have identical 
reactions in litmus milk media and sugar broths, and the one of these 
which was tested formed only active lactic acid. On the other hand, the 
third strain from Cheddar cheese (No. 16) only grows satisfactorily in 
milk after the addition of yeast eactract and dextrose and produces from 
dextrose a mixture of approximately 20 per cent, inactive and 80 per cent, 
active lactic acid. It is identical in milk and sugar reactions with strain 
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17 from ‘‘lactic'* cheese which, however, forms only inactive acid. 
Cultures 8 and 1 1 correspond in milk and in sugar reactions, both form 
only inactive lactic acid, and the proportions of lactic and acetic acids 
are very similar; they appear to be identical strains. Cultures 13 and 14 
correspond in all particulars except that the latter forms a small pro- 
portion of active lactic acid. The strain from Egyptian fermented milk is 
stimulated in milk to only a slight extent by yeast extract or dextrose 
and therefore may be regarded as a typical milk strain. Its sugar reactions 
are identical with those of Nos. 16 and 17 from cheese, but it differs from 
these strains in other particulars. 

Of the fifteen strains from silage which were tested ten form only 
inactive lactic acid, three form mainly inactive and a small proportion 
of active acid (dextro), while one forms only d-lactic acid. These do not 
develop appreciable quantities of gas in carbohydrate fermentation, the 
majority ferment sabcin and find yeast extract a particularly suitable 
source of nitrogen. They therefore correspond with 0rla-Jensen’s(7) 
genus Streptobacteriumy and some of the strains agree in their general 
reactions with his description of S. plantarum. Culture 10, since it forms 
only rf-lactic acid, grows well in milk and is not specially stimulated by 
yeast extract, appears to correspond with this author's S, casei. However, 
in view of his statement that the genus Streptobacterium contains many 
species which are difficult to distinguish from one another owing to the 
gradual transition between them, it is perhaps unwise to allot specific 
names. 

The strains obtained from grass and silage appear to find their 
analogues in some of those occurring in dairy products, which indicates 
the probable habitat of some of the lactobacilli playing a part in the 
ripening of these. 

The remaining culture (No, 19), obtained from silage, forms besides 
lactic acid appreciable amounts of other metabolic products — volatile 
acids and alcohol — does not grow in milk and ferments pentoses. It 
corresponds in these particulars with Orla- Jensen’s genus Betabacterium 
and is similar to Lactobacillus pentoaceticus described by Peterson & 
Fred (9). The Duclaux figures for this strain corresponded with those for 
a mixture of three parts acetic acid and one part butyric acid. This 
proportion seemed to be remarkably constant, since the figures from 
two separate flask cultures of different ages were identical. The rare 
occurrence of this type in grass silage points to a considerable difference 
between the lactic acid flora of this and of corn silage where L. penfo- 
aceticus was found by Fred et a/. (4) to assume a prominent place 12 days 
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after ensiling and to form 60 per cent, or more of the total flora after 
8 or 10 weeks. 

In general it may be said that the great majority of laotobacilli in 
the different grass silages investigated were of the type which form from 
carbohydrates mainly lactic acid (usually inactive) with only a small 
quantity of acetic acid. They all appear to ferment lactose and maltose, 
the majority form acid in salicin or arabinose but they exhibit wide 
differences in their ability to ferment other carbohydrates. About 
30 per cent, of strains form acid in xylose and rather less than 60 per cent, 
in sucrose. Their sensitivity to the nitrogen source shows considerable 
variation, but all strains are stimulated to a greater or less extent by 
yeast extract. 


Summary 

Samples of 162 strains of lactobacilli isolated from six different t 3 rpes 
of grass silage, which had been subjected to various treatments at the 
time of ensiling, and five strains isolated from other sources for com- 
parative purposes, were tested by their reactions in litmus milk, yeast 
extract litmus milk, dextrose litmus milk, yeast extract dextrose litmus 
milk and in various carbohydrate broths. The metabolic products formed 
from dextrose by nineteen selected strains were identified and estimated. 

The evidence obtained in this way pointed to the conclusion that the 
majority of lactobacilli in grass silage are strains of Streptcbdcierium 
plantarum, characterized by comparative inactivity in litmus milk, but 
markedly stimulated by addition of yeast extract. They produce from 
dextrose mainly lactic acid (usually the inactive form) with a small 
quantity of acetic acid. A strain was encountered which also produced 
alcohol and butyric acid, but the numbers of this type in silage were 
negligible. Considerable differences were found in the ability of the 
various strains to ferment carbohydrates. 

Of the five strains isolated from dairy products three were of the 
Streptobacterium plantarum type and two were of a kind which rapidly 
clotted litmus milk and exhibited reactions corresponding to the true 
milk strains. 

The authors wish to record their thanks to the Research Council of 
Imperial Chemical Industries, Ltd., for a grant which rendered this 
work possible, to Dr S. J. Watson for supplying samples of grass and 
silage, and to Dr J. G. Davis for valuable suggestions. 
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STUDIES ON EUROPEAN FOUL BROOD OF BEES 

n. THE PRODUCTION OF THE DISEASE 
EXPERIMENTALLY 

By H. L. a. TARR 

Rothamsted Experimental Station y Harpendeny Herts 
(With Plates XXII-XXIV) 

The etiology of so-called European foul brood of bees has long remained 
in doubt in spite of considerable investigation. Since numerous sum- 
maries of the pertinent literature are available(3, 4, 5, lo, i5, 16) an ex- 
haustive r4sum4 of the historical aspects of the problem is unnecessary, 
and in this paper, therefore, the results of a number of experiments 
dealing with the production of the disease are discussed in detail with 
reference to their value in establishing its cause. 

Experimental 

Media for cultivation of the bacteria 

Hartley’s tryptic digest (beef) broth was employed, and agar (1-5 
per cent.) and gelatin (12 per cent.) media were prepared from this. 
Sturtevant’s egg agar (egg-yeast-carrot-peptone) was used(i4). “Brood- 
filtrate agar” was prepared by adding 1 ml. of a 1 : 10 solution of brood 
filtrate(2i) to each 5 ml. of beef-digest agar. Nitrate broth was made by 
adding 0‘1 per cent, pure potassium nitrate to the beef-digest broth. The 
following medium was employed to study hydrogen sulphide formation : 
Lemco beef extract 1 per cent., peptone (B.D.H.) 2 per cent., lead acetate 
0*02 per cent., cystine 0*02 per cent, and agar 1*6 per cent. The cystine 
was sterilized separately in water and was added as a suspension to the 
agar medium immediately prior to sloping. All the above media were 
adjusted to j^H 7*0 and were sterilized by autoclaving. Fresh skim milk 
was employed and was sterilized (with or without litmus indicator) by 
intermittent steaming. A basic medium consisting of Witte peptone 
2 per cent., sodium chloride 0*5 per cent., with 4 ml. of an 0*4 per cent, 
solution of brom cresol purple per litre was employed to detect the 
formation of acid from various carbon compounds by the bacteria 
studied. With the exception of raffinose and fructose, which were sterilized 
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by Seitz filtration, all the fermentable compounds investigated were 
sterilized separately by autoclaving in 4 per cent, aqueous solution, and 
were added to the basic medium to make a final concentration of 
1 per cent. Indole and nitrite were tested for as previously described (16). 

Source of infective material and bacterial cultures 

All the naturally infected material employed in this investigation 
was obtained from a colony of hybrid bees in which “European foul 
brood’’ had been initiated by the insertion of an infected brood comb 
in the autumn of 1934. The disease appeared in the spring in several of 
the larvae which were being reared in the original infected comb, and 
rapid spread was facilitated by removing a large proportion of the 
sealed brood combs together with the adhering bees from the colony 
early in the brood-rearing season, and replacing these with drawn comb 
or foundation, thus causing extensive weakening of the colony. 
Bacillus alvei, Streptococcus apis and a small rod-shaped non-spore- 
forming bacterium (Bacterium eurydice'l (20)) were constantly encountered 
in the infected larvae examined. Larvae were normally attacked when 
they were about 4 days old, but dark brown, slimy, evil-smelling larvae 
full of B, alvei spores and vegetative cells were fairly frequently en- 
countered in capped cells. In most respects this case of disease conformed 
with the “European foul brood “ described by White as typical (20). 

Pure cultures of B. alvei were isolated from naturally or experi- 
mentally infected larvae by grinding them up in sterile water and 
“plating” the resulting suspension on brood-filtrate agar after making 
suitable dilutions. The plates were “dried” at 35° C. for a short time 
after pouring in order to obviate the “spreading” of surface colonies. 
Stock spore-containing cultures of the various isolated strains of B, alvei 
were prepared by inoculating egg-agar slopes directly from the isolated 
colonies which developed on the plates and incubating them for 5-7 days 
at 35° C. The resulting cultures were sealed with paraffin wax and were 
stored at room temperature until they could be identified. 

Pure cultures of S, apis were obtained in much the same manner as 
those of B. alvei, except that recently infected larvae were found to be 
most suitable for the isolation of this species, and drying of the plates 
was unnecessary. Stock cultures of the isolated strains were prepared 
from primary colonies by inoculating brood-filtrate agar slopes, incubating 
them for 12-16 hours at 35° C., and sealing the resulting culture. Culture 1 
(5. alvei) and culture 2 (S. apis) have been employed in all the infection 
experiments, and normally all cultures have been incubated at 35° C. 
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IderUifioation of isolated cultures of Bacillus alvei 
and Streptococcus apis 

Streptococcus apis strains. 

Although Borchert(5) has described S, apis in some detail it has been 
thought advisable to discuss the characteristics of this organism here in 
view of the fact that certain important differences have been noted 
among the strains examined. All the media employed in the identification 
of the various strains were inoculated from 12-24-hour-old brood-filtrate 
agar cultures which had been inoculated directly from the stock cultures. 
The number of each culture refers to a given experiment (vide infra). 

Morphology. On agar media, in broth and in milk, the predominating 
form is that of a lanceolate-shaped Diplococcus (PI. XXII, figs. 1-4); 
very occasionally short chains are formed (PI. XXII, fig. 2). The size 
of the cells is extremely variable under certain conditions (PI. XXII, 
fig. 5). The organism is non-motile, and so far no capsules have been 
noticed on any of the media. The organism is Gram positive when very 
young cultures are examined, but the cells rapidly lose their power to 
retain this stain, and in most cultures an abundance of Gram-negative 
cells can be seen. A comparison of the cells of this organism with those 
it forms in larvae sick or dead of European foul brood ’’ can be obtained 
from a study of PI. XXIII, figs. 7, 8, 11 and 12, and PI. XXIV, figs. 15 
and 16. 

Cultural and biochemical characteristics. On beef-digest agar the 
growth is very rapid : it is uniform with regular margin, opaque and rather 
white, shiny, slightly raised, soft, moist and non-adherent. The addition 
of brood filtrate accelerates growth and makes it more abundant. Surface 
colonies on beef-digest agar are circular with regular margin, slightly 
raised and about 1-2 mm, in diameter. Subsurface colonies are lanceolate 
shaped. In beef-digest broth growth is followed by uniform clouding 
of the medium; eventually a heavy precipitate settles, the medium 
becoming fairly clear. Considerable variation has been found with 
respect to growth and reaction toward milk and gelatin media. Thus 
cultures 1, 6, 9 and 11 when grown in litmus milk rapidly reduce the 
indicator and coagulate the casein, almost completely peptonizing it 
within a week. After 1 week only a small amount of red undigested 
casein and a clear almost yeUow whey remains. The milk is quite acid. 
In beef-digest gelatin stab cultures these strains grow quite well at 
22° C., and within 48 hours there is a marked saccate liquefaction of the 
medium. At 35° C. there is rapid and complete liquefaction of gelatin. 
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On the other hand, cultures 3, 4, 5, 7, 8 and 10 neither hydrolyse casein 
nor gelatin. Thus growth of these strains in litmus milk is followed by 
a mere transient reduction of the indicator which soon becomes re- 
oxidized, leaving a faintly acid uncoagulated medium. In gelatin stab 
cultures at 22° C. the growth is uniform and filiform and no liquefaction 
occurs. Similarly at 35° C. no liquefaction of the gelatin results even 
after 3 weeks. None of the strains studied reduce nitrate to nitrite, and 
none form hydrogen sulphide or indole in old milk cultures or in broth. 
All strains investigated exhibit the same fermentative power. Thus acid 
is formed from dextrin, sucrose, lactose, maltose, glucose, fructose, 
galactose, mannose, mannitol, glycerol and salicin by all the cultures, 
and none of them produce acid from starch, inulin, rafiinose, arabinose, 
xylose, inositol, adonitol and erythritol under the experimental con- 
ditions. Borchert(5) found that the strains of ^S. ajns investigated by 
him produced acid in small amounts from raffinose, but it must be 
remembered that fermentation reactions of a given species are liable to 
significant variations depending on the nitrogen substrate employed in 
its cultivation (11, 12 ). It is of interest that the species hitherto known as 
*S. apis is apparently divisible into subspecies depending on the power 
of hydrolysing casein and gelatin. In all other respects the various 
strains studied appear to be identical. 

Bacillus alvei strains. 

All the strains of B. alvvA isolated (cultures 2, 12, 13, 14, 15, 16, 17 
and 18) exhibited the same general cultural, morphological and bio- 
chemical characteristics as has been described for certain other cultures (lO). 
The fermentation reactions of all the cultures isolated was found to be 
identical with those given by cultures 3 and 4 described previously (16), 
with the single exception that raffinose was not fermented. 

Preparation of material for infection experiments 

Suspensions of the spores of B. alvei (strain 2) and vegetative cells of 
S. apis (culture 1) were prepared as follows. Suspensions of these 
organisms were prepared in sterile water directly from the original stock 
cultures in order to avoid too many transfers away from the natural 
host and the consequent danger of loss of virulence. From these egg agar, 
in the case of B. alvei, and brood-filtrate agar, in the case of S. apis, were 
inoculated employing large amounts of these media in Petri dishes or 
culture bottles. The resulting cultures were incubated 5-7 days in the 
case of B. alvei, and 12-16 hours in the case of 5. apis. The spores or 
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vegetative cells were then washed carefully from the medium employing 
sterile water, centrifuged in order to concentrate them, and finally 
suspended in water to give a relatively dense suspension. The approxi- 
mate number of spores or vegetative cells present in such suspensions 
was estimated by making dilutions and counting the number of bacteria 
by means of a Thoma haemocytometer slide. 

Filtrates of infected brood were prepared by grinding up larvae sick 
or dead of “European foul brood” in water, adjusting the pR of the 
resulting suspension to 7*2 or 7-4, allowing the mass to stand approxi- 
mately half an hour at 35° C., centrifuging at a low speed to remove the 
larger particles of cell debris, and finally filtering the supernatant liquid 
through Pasteur-Chamberland L 2 or L 3 filters, employing suction. 
Filtrates obtained in this manner were normally opalescent, and in each 
instance their sterility was verified by plating 2 ml., employing brood- 
filtrate agar as substrate and incubating the plates 2 days at 35° C. and 
5-7 days at room temperature. 

Preparation of experimental nuclei employed in infection experiments 

It is naturally impossible to obtain any absolutely standard nucleus 
or colony of bees for experimental work, since there are so many un- 
controllable variables, such as the ratio of “ nurse ” and “house cleaning ” 
bees to brood at different stages in the brood-rearing season, the relative 
amount of sealed and unsealed brood present, the effect of honey flow, etc. 
In addition the race of bee undoubtedly influences the susceptibility of 
a given colony of bees to “European foul brood”, Italian races being 
particularly resistant in this respect (13). In all the experiments recorded 
in this paper hybrid bees have been used owing to force of circumstances, 
and it seems highly probable that the resistance toward this disease 
displayed by certain nuclei depended to some extent at least on the 
amount of Italian strain in the bees. Since no standard of strength of an 
experimental nucleus is available it has not been possible to give an 
exact statement regarding the strength of a given nucleus in bees, and 
only in cases where the nucleus was obviously strong or weak in bees has 
a note to this effect been made. All experiments recorded in this paper 
have been carried out in single-walled nucleus hives capable of tak^ 
five British Standard brood frames. The entrance consisted of a 2 by ^ in. 
slot cut in the front of the hive, and the frames were covered by a piece 
of “Ten Test’' board which had a in. diameter hole bored in the 
centre covered with ^ in. wire gauze for a “feed hole”. Each hive was 
equipped with a deep roof capable of covering the feeder used. Feeding 
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was carried out using 1 or | lb. Ministry of Agriculture “ squat honey 
jars with five in. diameter holes bored in the lids. These were filled 
with the syrup employed and were inverted over the feed hole. After 
1 5 August all the nuclei were fed with 50 per cent, sucrose syrup in order 
to stimulate brood rearing. 

The nuclei were made up by taking three or four brood combs 
containing chiefly sealed brood and stores (honey and pollen) together 
with the adhering bees from healthy stocks, and placing these in nucleus 
hives. The bees of each nucleus were then permitted to raise their own 
queen. Owing to unfavourable weather conditions none of the experi- 
mental nuclei could be prepared before 23 May, and as a result of 
continued unfavourable conditions the mating of the queens was delayed 
and hardly any experiment was commenced prior to the last week in 
June. However, this resulted in considerable weakening of some of the 
nuclei with respect to the number of bees present, and consequently they 
were probably more susceptible to “European foul brood” {vide infra). 
As the season progressed the nuclei were given additional frames con- 
taining brood comb or foundation in order that there might be room for 
expansion of the brood nest. 

Method of inoculation of experimental nuclei 

Two general methods of infecting nuclei have been attempted; 
namely, indirect inoculation by feeding the bees the infective material, 
and direct inoculation by feeding young larvae directly. In the indirect 
method the infectious material was fed, usually mixed with 30 per cent, 
sterile sucrose syrup containing 10 parts of honey for every 100 parts 
of syrup, to the bees of a healthy nucleus by means of a feeder. In the 
direct method of inoculation the following technique was employed. 

Brood combs containing eggs and coiled larvae up to the age of 
approximately 4 days were obtained from healthy colonies of bees. 
Experience proved that the best way to obtain combs with an abundance 
of young larvae was to place a frame containing brood foundation in 
a vigorous healthy stock and permit the bees to draw out cells and to 
rear the larvae in them. In this manner brood combs containing an 
abundance of coiled larvae of a relatively uniform age were readily 
obtained at any time during the active part of the brood -rearing season. 
For most experiments, especially those with “starved larvae”, larvae 
about 3-4 days old were inoculated, but occasionally infective material 
was introduced to the base of cells containing eggs, or into the brood-food 
mass surrounding very young larvae. The actual inoculation was made 
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by feeding individual larvae either 0*0026 or 0*006 ml. of a suspenaion 
of bacteria or infective material by means of an Agla micrometer syringe, 
the minute drop of liquid being placed near the mouth-parts of the 
larva with the needle. In certain of the experiments the brood combs 
containing the inoculated larvae were placed in a healthy nucleus 
immediately subsequent to inoculation, while in others the larvae were 
starved in the comb, in an incubator in which the humidity of the air 
was retained at a fairly high level, for 4 days at 35° C. This starvation 
technique has been found particularly useful, for the resistance of the 
larvae is apparently weakened under such conditions, and multiplication 
of the bacteria in the host is thereby greatly facilitated. In one experi- 
ment it is shown that normal coiled larvae are practically sterile 
bacteriologically. Moreover, it has been observed that, although a very 
large number of artificially inoculated larvae succumb to infection after 
starvation, a certain percentage apparently destroy the bacteria, and, 
at least as far as microscopical examinations are concerned, appear to 
be sterile bacteriologically after the 4 days. As subsequent experiments 
will show, inoculated unstarved larvae which are attended to by the 
nurse bees have a relatively high resistance toward the bacteria. It 
would seem that larvae possess some potent bactericidal mechanism: 
perhaps this is merely a function of their digestive system. 

Method of examination of inoculated nuclei and of recording experiments 

Inspections of the brood of inoculated nuclei were made fairly 
frequently, care being taken to avoid any undue disturbance of the bees. 
Where necessary the bees were smoked or shaken from the combs in 
order to facilitate inspection of the larvae. All larvae wiiich appeared 
to be diseased, unless there were a very large number, were removed 
from the cells with sterile forceps, placed in Petri dishes, and taken to 
the laboratory for examination. In cases in which a very large number 
of affected larvae were present only a small fairly representative number 
were examined. Though ordinary microscopical examination of nigrosine 
or Gram-stained smears from the tissues of affected larvae can usually 
be relied upon as a satisfactory confirmation that European foul 
brood ” is present in a nucleus, diagnosis was made more certain by the 
isolation and identification of one pure culture of B, alvei and S. apis. 
In the record of the experiments the term "'S. apis cells” indicates that 
lanceolate-shaped, cocci of the type shown in PL XXIII, figs. 7, 8, 11 
and 12, were present in the tissues of affected larvae. Similarly the 
term “jB. alvei cells and spores” indicates that vegetative cells or spores 
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of this organism as shown in PI, XXIIJ, figs. 11 and 12, and PL XXIV, 
figs. 14 and 15, were present in affected larval tissues. The ‘‘small rod- 
shaped bacterium” is probably synonymous with White’s Bacterium 
eurydice{20). In each experiment the strength of the nucleus employed 
in stores (honey and pollen) and brood (eggs, young larvae and sealed 
brood) is recorded; thus the record “stores; eggs and young larvae; 
young larvae; sealed brood”, indicates a nucleus with four brood combs 
containing the brood or stores as indicated in the combs. The terms 
“strong” and “weak” with respect to the relative number of bees 
present in a given nucleus have only been employed where it is very 
evident that such a condition exists. The date of inoculation has been 
recorded for each experiment in view of the variation in the ratio of 
“nurse” and “house cleaning” bees to young larvae at different periods 
in the brood-rearing season, and the probable influence of this ratio on 
the susceptibility of a given nucleus to “ European foul brood”. The data 
obtained in each experiment has been arranged according to the following 
plan: (1) Nucleus, (2) Inoculum, (3) Date of inoculation, (4) Results. 

Record of experiments 

Exp. 1. 

Ten larvae approximately 3-4 days old (average weight calculated from twenty 
larvae waa 42 mg.) were carefully remov<‘d from their cells emplo>dng sterile forceps 
and were gmund up in 10 ml. of sterile water observing aseptic precautions. 01 and 
1 ml. portions of the resulting suspensions wen* plated, using 10 ml. of beef-digest 
agar in eaeh instancH', After 48 hours at 30 C. only two colonies developed on the 
plate w'hich had n^ceived 1 ml. of suspension. This result wmuld seem to indicate that 
normal healthy larvae are almost bacbTiologically sterile, but further investigation is 
required in confirmation of the experiment. 

I. Inoculation of experimental nuclei by placing in them brood combs containing 
naturally or artificially infected larvae, or other fia^m of infective material 
Exp. 2. 

Nucleus. Stores; eggs and young larvae; infected comb; sealed brood; sealed 
brood and stores. Weak in Ikh^s. 

Inoculum. Brood comb contaiiiing approximately eighty -four larvae sick or dead 
of “European foul brood’’. 

Date of inoculation. 9 July. 

Results. 3 days: Most of the infected larvae had been removed from the introduced 
comb and eggs had beim laid in the empty cells. 7 days: No diseased larvae in the 
introduced comb; three sick or dead larvae in each of the tw^o adjacent combs. Two 
of these were full of 8. apis cells and the remaining four ahow'ed S. apis and B. alt^i 
vegetative cells. 10 days: Twenty aflFected larvae in the introduced comb, fifteen in 
the remaining combs. Six of these on microscopic examination showed S. apis and 
B, alvei cells and small rod-shaped bacteria. 13 days: Fifty affected larvae in the 
Ann. Biol, xxm 37 
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introduced comb. Ten of those were examined and showed S. ajnSy small rod-shaped 
bacteria, and in the case of old slimy decaying larvae sporulating cells of B, alvei in 
apparently pure culture. 21 days: Destroyed. (Queen retained with twelve workers 
for Exp. 31.) Fifty-seven sick or dead larvae wore coimted in one brood adjacent to 
the introduced comb. Ten representative aflFected larvae were examined microscopically : 
three recently affected larvae showed S. apis cells and a varying proportion of small 
rod-shaped bacteria; seven slimy, evil-smelling dead larvae, some from sealed cells, 
showed B. alvei vegetative cells and spores in apparently pure culture. S. apis 
(culture 8) and B. alvei (culture 12) were isolated in pure culture from affected larvae. 

In this experiment very rapid spread of the disease w'as effected by inserting a 
comb containing a relatively largo number of affected larvae in a healthy nucleus 
which was rather weak m bees. 

Exp. 3. 

Nucleus, Stores; eggs and young larvae; inoculated comb of eggs and young 
larvae; young larvae and sealed brood; eggs and stores. 

Inoculum. Ten larvae sick or dead of “European foul brood” were ground up 
finely in 5 ml. of sterile brood filtrate. Fifty eggs and young larvae up to the ag(‘ 
of about 4 days were fed 0 005 ml. of this suspension, and the comb containing them 
was placed immediately in the nucleus. 

Date of ifwciilaiion. 19 June. 

Results, 2 days: No affected larvae seen, though a few' larvae had been n*mov(‘d 
from their cells. Subsequent candid examinations of the brood 4, 8, 14, 15, 17, 19, 
22, 29 and 31 days after inoculation revealed no infection. 

The failure to initiate infection with naturally infected material makes this 
experiment rather interesting. The bees and the queen of the nucleus used were 
yellow and probably possessed a relatively large proportion of Italian blood, and the 
failure may well have been due to the strong cleaning powers of the bees. 

Exp. 4. 

Nucleus, Stores; young larvae (inoculated comb); young larvae and stores. 

Inoculum, Fifty larvae sick or dead of “European foul brood” were finely ground 
in 10 ml. of sterile w ater. 2000 2-3-day-old larvae on one side of a brood comb were 
each fed 0*005 ml. of this suspension, and the comb containing them was placed in 
the nucleus immediately. 

Date of inoculattov. 2 July. 

Results, 2 days: No sign of diseased larvae. A large number of the inoculated 
larvae had been removed by the bees and eggs laid in the empty cells. 3 days: No 
sign of diseased larvae. Approximately half the inoculated larvae had been removiHl 
by the bees, the remainder were being neared in the normal manner and many were 
sealed. No sick or dead larvae were noticed during inspection of the brood 5, 8, 10, 
12 and 17 days after inoculation. 28 days: Four sick larvae. All of them had an 
abundance of 8, apis cells in their tissues, and two of them B, alvei cells as well. 
41 days: Three sick larvae full of 8. apis cells were recovered from one comb. 8. apts 
(culture 9) was isolated in pure culture from one of these. 46 days: Seven affected 
larvae were recovered. All of these showed 8, apis cells and small rod-shaped bacteria, 
and several of them B. alvei cells as well. B, alvei (culture 16) was isolated from the 
remains of one dead larva. 55 days: Four sick larvae full of 8. apis cells, small rod- 
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shaped bacteria and B. alvei cells. 60 and 65 daysi The bees were breeding very 
slowly and no infected larvae were seen. 

In this experiment therefore the disease was merely transient and never assumed 
serious proportions. 

Exp. 5. 

Nwcleas. Stores; young larvae (inoculated comb); young larvae and sealed brood. 
Inoculum. 500 eggs and young larvat* 1-4 days old were each given 0*005 ml. of 
a suspension of apis cclis, each receiving approximately 104 x 10’ cells of this 
organism. The comb was thim placed in the nucleus immediately after inoculation. 

Results. 2 days'. Very few of the larvae had been remoxed by the bees, and 
there was no sign of infection. 3 days: A large numlxr of the moculated larvae had 
been sealed over by the l»ees. Subsequent examinations of the brf»od 6, 8, 10, 13, 18, 
20 and 21 days after inoculation revealed no infec ted larvae. 

Exp. 6. 

Nurievs. Storeys; eggs and sealed brood; eggs and young larvae (inoculated comb). 
Inoculum. 350 eggs and young larvae 1 4 days old were each given 0*0025 ml. 
of a very dense suspension of S. apis cells, each larva receiving approximately 12 x W 
organisms. The comb containing the inoculated larvae was then placed immediately 
in the experimental nucleus. 

Date of inoculation. 5 July. 

Results. 2 days: A few of the eggs and young larvae had l>een removed by the 
l>ees, no infected larvat' were s(*<:'n. Subsequent insp(*ction of the brood at intervals 
of 4, 5, 8, 10, 13, 17, 20 and 24 (la\Tj after inoculation revealed no sick or dead larvae. 

Exps. 5 and 6 indicatt* that the individual larvae have a high resistance toward 
S. apis vegetative cells in very large numU'rs. 

h"xp. 7. 

Nucleus. Sealed brood; eggs and young larvae (inoculated comb); sealed brood; 
stores. 

Inoculum. 300 eggs and young larvae from 1 -4 days old were each given 0*005 ml. 
of a suspimsion of li. ail'd sjmres, each larva receiving approximately 5 4 x 10’ spores. 
The comb w'as immediately susj)ended in the nucleus. 

Date of inoculation. 13 June. 

Results. 4 days: An almost perfect patch of sealed brood present at the site of 
inoculation, indicating that very few larvae, if any, had been removed by the bees. 
Careful inspi'ction of the brood at intervals of 9, 14, 21, 27, 32, 37, 42, 48, 55, 58 
and 73 days after inoculation revealed no infectetl larvae. 

Exp. 8. 

A^ucleus. Young larvae and eggs (inoculated comb); sealed brood; young larvae 
and eggs. Stores present in the brood combs. 

Inoculum. 450 young larvae up to 4 days of age and some eggs were given 0*0025 ml. 
of a very dense suspension of B. aleci sjxires, each receivdng approximately 2*7 x 10® 
spores. The comb containing these was immediately inserted in the nucleus. 

Date of inoculation. 5 July. 

Results, 2 days : A few larvae had been removed from t he cells in the area inoculated 
but there was no sign of any infected larvae. No infected larvae were seen at sub- 

37-2 
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sequent examinations of the brood 4, 5, 10, 14, 20, 26, 28, 33 and 34 days after 
inoculation. 

These two experiments indicate that young larvae when reared normally by 
nurse bees have a high resistance toward B. alvei spores in very large numbers. 

Exp. 9. 

Nncleva. Stores; eggs and young larvae; eggs and young larvae (inoculated 
comb); sealed brood. 

Inoculum. Twenty ‘‘European foul brood” larvae in all stages of disease were 
triturated with 20 ml. of sterile water, and from the resulting mass a Pasteur- 
Chamberland L 3 filtrate w'as obtained as previously described. A portion of this 
filtrate was mixed with an efjiml amount of a suspension containing 3*6 x 10'® B. alvei 
spores per ml. Each of 100 larvae 2-4 days old on one side of a brood comb received 
0*006 ml. of this suspension, each larva therefore receiving approximately 0*0026 ml. 
of the filtrate and 8*7 x 10’ spores of B. alvei. The comb containing the inoculated 
larvae was placed in the nucleus immediately subsequent to inoculation. 

Date of inoculation. 21 June. 

Besults. 2 days: A few of the larvae in the inoculated area had been removed by 
the bees. Subsequent inspection of the brood 6, 11, 14, 19, 24, 28, 32, 35 and 41 days 
after inoculation revealed no infected larvae. 

The experiment suggests that a filterable virus is not implicated in this disease. 

Exp. 10. 

Nucleus. Stores; sealed brood; eggs and young larvae; young larvae (inoculated 
comb); stores. Weak in bees. 

Inoculum. Each of 800, 2-3*day-old larvae were fed 0*0025 ml. of a suspension 
of 8. apis cells, individual larvae receiving approximately 6*2 x 10’ organisms. The 
comb containing them was then incubated in an incubator, in which the humidity 
of the air was maintained at a high level, for 4 days at .35'" C. At the conclusion of 
this time a large proportion of the larvae had become yellow to brown in colour and 
pappy m consistency and were full of 8, apis cells. (The appearance of 8. np\s cells 
in starved larvae is shown in PI. XXII, fig. 6 and PI. XXIII, figs. 9 and 10.) However, 
some of the larvae appeared to resist the bacteria, and although they appeared to be 
dead they were apparently sterile as far as could be observed from simple micro- 
scopical observations. The comb containing the infected larvae was then inserted in 
the nucleus. 

Date of inoculation. 2 July. 

Remdts. 2 days: All the infected larvae had been removed by the bees, and eggs 
laid in the empty cells. 5-8 days: Xo sign of any infected larvae. 10 days: Several 
of the larvae which the bees had reared in the introduced (inoculated) comb appeared 
to be sick, and two of these on examination proved to b© full of 8 . apis cells. 1 1 days: 
One sick larva in the Inoculated comb; this one full of 8 . apis cells. A very irregular 
appearance of the brood in this comb indicated that the bees had removed a very 
large number of larvae^ 16 and 20 days: No affected larvae seen. 26 days: Thirty-three 
sick or dead larvae, mostly about 4 days old, were counted in the brood oombs. Ten 
of these were examined microscopical ly. All of them contained masses of 8. apis 
cells, together with a variable number of small rod-shaped bacteria, and in a few 
cases B. cUvei-like organisms. 8 . apis (culture 4) was isolated from one of the recently 
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infected larvae. 29 daysi Disease very marked and the nucleus was destroyed, the 
queen and twelve worker bees being used in Exp. 31. A very large number of infected 
larvae were counted in the brood combs. Thus there were approximately fifty-seven 
affected larvae in one of the combs adjacent to the one which was originally inoculated. 
Ten of these were examined. All showed S. apis colls in largo numbers and a variable 
proportion of small rod-shaped bacteria, and some R. aliyei cells. Two slimy evil- 
smelling larvae showed B. alvei cells and spcjres in apparently pure (‘ulture. S. apis 
(culture 6) and B. alvei (culture 14) were isolated in pure culture from remains of 
dead larvae. 

Exp. 11. 

Nucleus. Stores and sealed brood ; eggs and young larvae ; young larvae (inoculated 
comb); eggs, young larvae and stores; sealed brood anti stores. 

Inoculum. 425 and 530, .3 4-day-old larvae on either side of a comb were each 
fed 0*005 ml. of a suspension of S. apis cells, individual larvae rooehdng approximately 

10 X 10* bacteria. The comb containing them was then incubatotl as in Exp. 10. At 
the conclusion of this time many of the larvae had l>een attacked by S. apis as in the 
previous experiment, and the comb was introduced into the nucleus. 

Date of inoculation. 2 August. 

Results. 4 days: Most of the infected larvae had been removed from the intro- 
duced comb and eggs laid in the empty cells. 6 daysi No siim of infected larvae. 

11 days: iSeveral of the larvae which had been rearwl in the infected comb by the 
Ik'os had been removed giving the brood an uneven appearance. One of seven larvae 
examined was full of S. apis cells, the rc^mainder Inung unaffected. No infected larvae 
were seim on examinations of the l>rood 20, 27 and 30 days after inoculation. 

The results of the above two experiments show that “Europ<‘an foul brood” can 
be initiated by placing a large ninnber of larvae artificially infected with S. apis in 
a healthy nucleus, providing this is done early in the bn>od-rearintr season and the 
nucleus is weak in be<*s. When the ino<’ulation is carried out late in the brood-rearing 
season the lx?es art* apparently able to ward off the disease. In the first experiment 
H mixed bacterial infection of the brocxl similar to “Europiean foul brood” resulted 
when S, apis was employed alone in the infection of the starved larvae. However, as 
will be seen from Exp. 12, the relative projiortion of S. apis cells in affected larvae 
was greater when S. apis was used to infect starved larvae than when B. alvei was used. 

Exp. 12. 

Nucleus. Stores; eggs and young larvae; young larvae (inoculated comb); eggs 
and stores. Weak in bees. 

Inoculum. 180 and 395, 3 -4-day-old larvae on either side of a comb were fed 
0*005 ml. of a suspension of spores of B. alvei, each larvae rctviving approximately 
8*3 X 10’ spores. The comb containing them was incubated as in previous experiments. 
At the conclusion of this time a very large proportion of the larvae were full of 
sporulating cells of B. a/eei, though a few had apparently ri'sisted the organism, and 
appeared sterile on ordinary microsi'opioal examination. The comb oxmtaining these 
artificially infected larvae was then suspende<l in the nucleus. 

DcUe of inoculation. 25 June. 

Results. 2 days: Moat, but not all, of the slimy larvae in the introduced comb hod 
been removed by the bees, and eggs laid in the empty cells. 5 days: All the inoculated 
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larvae removed and no sign of infected larvae in any of the combs. 7 days: Young 
larvae being reared in the introduced comb, no sign of infection. 10 and 14 days: No 
sign of infection. 28 days: Fifty-one sick or dead larvae counted in the brood frames. 
Many of these were slimy and evil smelling. Ten were examined microscopically, and 
all showed B. alvei cells in large numbers, and the more recently infected larvae 
showed S, apis cells and a variable number of small rod-shaped bacteria. 32 days: The 
nucleus was destroyed, the queen being retained together with twelve worker bees for 
Exp. 31. Seventy-two sick or dead larvae were counted in one of the brood frames, 
and many of these were brown, slimy and evil smelling. Thus four slimy larvae of ten 
examined microscopically contained sporulating cells of B. alvei in apparently pure 
culture, the remainder having a large numl>er of B, alvei and S. apis cells and a 
variable proportion of stfvall rod-shaped bacteria. S. apis (culture 7) and B. alvei 
(culture 15) were isolated in pure culture from remains of dead larvae. 

Exp. 13. 

Nucleus, Sealed brood; eggs and young larvae; young larvae (inoculated comb); 
sealed brood; sealed brood. 

Inoculum. 1000 and 900 3-4-day-old larvae on either side of a comb were fed 
0*0025 ml. of a spore suspension of B. alvei, each larva receiving about 1*7 x 10’ spores. 
The comb was then incubated as usual. At the end of this time many larvae were 
aflfected with the artificially induced disease and the comb containing them was 
inserted in the nucleus. 

Dale of inoculation. 9 July. 

Results. 2 days: All infected larvae had been removed by the bees and eggs laid 
in the empty cells. Examinations 5, 7, 13 and 21 days after inoculation revealed no 
infection. 24 days: One suspicious-looking larva full of 8. apis cells, and from this 
a pure culture (culture 3) of 8. apis was isolated. Further examination of the brood 
28, 32, and 34 days after inoculation revealed no infected larvae, and the experiment 
was concluded, since the nucleus had become ({ueenless. 

It is evident from the results of Exps. 12 and 13 that “European foul brood” can 
be initiated by placing a large number of larvae artificially infected with B. alvei in a 
healthy nucleus, provided this is done early in the brood-rearing season and that the 
nucleus is weak in bees. If the inoculation is carried out late in the brood-rearing 
season the bees are able to keep the disease in check. In the first experiment a mixed 
infection” of the brood similar to “European foul brood” resulted when B. alvei alone 
was employed to infect the starved larvae. However, the relative proportion of 
B. alvei cells present in decaying larvae was much greater than in the experiment 
in which disease was induced employing a pure culture of 8. apis (Exp. 11). 

Exp. 14. 

Nucleus. Sealed brood; eggs and young larvae; young larvae (inoculated comb); 
sealed brood. Strong in bees. 

Inoculum. 720 aod 945 2-4-day-oId larvae on either side of a comb were fed 
0*0026 ml. of a snspension containing a mixture of 8. apis cells and B. alvei spores, 
each larva receiving approximately 1*4 x 10® spores of B. alvei and 1*6 x 10® vegetative 
cells of 8. apis. The comb containing the inoculated larvae was incubated as usual. 
At the conclusion of the incubation period a large number of larvae had been attacked 
by the bacteria, and microscopical examination showed masses of 8 . apis cells and 
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B. alvei vegetative cells and spores in these. Some of the larvae were rather slimy, 
others were of a pasty consistency. The infected comb was then inserted in the 
nucleus. 

Date of inoculation. 8 July. 

ResuUs, 2 days: All infected larvae had been removed from the introduced comb 
and eggs laid in the empty cells. 4 days: Eggs and healthy young coiled larvae in the 
introduced comb, no indication of dist'ase. No infecte<J larvae were observed during 
subsequent inspections of the brood 6, 7, 10, 11, 22, 2r), .I.S, 35, 40 and 45 days after 
inoculation. By this time the nucleus was very strong in bees and breeding had 
almost ceased. 

Exp. 15. 

N itrleus. Stores and sealed brood ; eggs and young larvae ; young larvae (inoculated 
comb), eggs, young larvae and scaled brood. Very weak in liees. 

Inoculum. 6H0 and 410 2 A-da^'-old larvae on cither side of a comb were fed 
0-0025 ml. of a mixed suspension of S. apis cells and B. ah'ci spores, each larva re- 
c<‘ivirig approximately 9*1 x 10’ cells of B. apis and 5x10’ spores of B. alvei. The 
inoculated larvae wen* starved in the (*omb as usual, and then introduced in the 
customary manner to the nucleus. 

J)ate of inoculation. 21 July. 

Besulls. 3 days: Most of the dead larvae had l)een removed by the l)ees from the 
inoculated comb, and eggs laid in the empty c(*lls. No infected larvae seen. 5 days: 
One dead larva in a comb adjacent to the introduced comb, and this was full of S. apis 
and B. alvei cells. 9 days: No infecte<l larvae* seen. 10 dai/s: Two dead larvae full 
of B. apis and B. ali^i cells. B. alvei (culture 18) was isolated in pure culture from 
one of tlies<* la^v^le. 18 atul 20 days: No sick or d(‘ad larvae were sc'cn. 22 day<i: Two 
sick larva<* full of S. apis cells and small rtxl-shajKMl bacteria. 27 dat/s: F’our larvae 
full of B. apis cells and small rod*Hha|XHl bac-teria. B. u/>js' (culture 10) was isolated 
from one of these larvae. 29 days: Six si<*k or <l(‘ad larvae full of S. ajns cells and 
small rod-shap^nj bacteria. 30 ami 40 days: BrtHHling very slowly, and no sign of any 
infecUnl larva<\ 

It is apparent from the results of these two exjKTiments that healthy nuclei are 
no more liable to contract disease when a mixture of B. apis and B. alvei is tmplovcd 
to initiate diseasi* than w'hen only one of these organisms is uscsl. It can also l>e seen 
that, while a nucleus weak in bees can contract a transient form of ‘"European foul 
brood ’ late in the brood-rearing season by the means of inoculation employed, a 
strong nucleus will not contract the disease even though it be inoculated somewhat 
earlier in the brood-rearing season. 

Exp. 16. 

Nucleus. Sealed brood and stores; young larvae and sealed brood; young larvae 
(inoculated comb); young larvat‘ and sealed brood. 

huKvlum. Forty larvae sick or dead of ‘'Eur()f)ean foul brood’’ w'ore triturated 
in 20 ml. of sterile water. 530 and 350 2-4-day-old larvae on cither aide of a comb 
were fed 0*0025 ml. of this suspension. The comb containing the inoculated larvae 
was incubated in the usual manner, with the result that a large number of the larvae 
died with masses of S. apis and B. alvei cells in their tissues, and in addition some 
small rod-8hape<l bacteria. The comb was then introduceil into the nucleus. 
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Date of inoculation, 20 July. 

ResuUe, 2 days: Most of the dead larvae in the introduced comb had been removed 
by the bees and eggs laid in the empty oeUs. No infected larvae were observed on 
examining the brood 4, 10, 13, 17, 21 and 23 days after inoculation. 28 days: One 
sick larva full of S, apis cells recovered, and from this a pure culture of S. apis 
(culture 11) was isolated. Subsequent inspections of the brood 37 and 45 days after 
inoculation revealed no infected larvae. 

From this experiment it would appear that crushed suspensions of naturally 
infected “European foul brood” larvae are no more capable of initiating serious 
infection in the brood of a healthy nucleus relatively late in the brood-rearing season 
than are pure cultures of S. apis and B. alvei when the same technique is employed. 
Exp. 17. 

Nucleus, Stores; eggs, young larvae and sealed brood; young larvae (inoculated 
comb); eggs and sealed brood. 

Inoculum. A Pasteur-Ohamberland L 3 filtrate from European foul brood material 
was obtained by the technique previously described, forty larvae in all stages of the 
disease being crushed in 20 ml. of water for the purpose. A portion of the resulting 
filtrate was mixed with an equal volume of a suspension containing S. apis cells and 
B. alvei spores. 900 larvae 2-4 days old on one side of the comb, and 700 the other 
side, were fed 0 0025 ml. of this suspension, each larva receiving 0 00 125 ml. of 
filtrate, 8*4 x 10’ S. apis cells and 2*6 x 10’ spores of B. alvei. The inoculated comb 
was incubated in the usual manner, many of the larvae decomposing with masses of 
8. apis and B. alvei cells in their tissues. It was then suspended in the experimental 
nucleus. 

Date of inoculation. 19 July. 

Results. 3 days: Nearly all the dead larvae in the inoculated comb had been 
removed by the bees, only a few brown scales remained. Eggs being laid in the 
empty cells. No infected larvae were seen during examinations of the brood 6, 11, 
13, 18, 23, 28 and 37 days after inoculation. At the conclusion of this time, breeding 
was very slow. 

This experiment shows that filtrate from infected brood mixed with the bacteria 
found in diseased larvae is no more capable of initiating disease relatively late in 
the brood-rearing season than are pure cultures of the bacteria alone. This may be 
looked upon as further evidence in favour of the fact that a virus is not implicated 
in the etiology of “European foul brood”. 

Exp. 18. 

Nucleus. Young larvae and sealed brood; young larvae (starved without inocula- 
tion); eggs and young larvae; young larvae and sealed brood. 

Inoculum. A comb containing a large number of 1 -4-day-old larvae was selected^ 
and was incubated as usual, the larvae not being inoculated. At the conclusion of the 
incubation period the comb contained many autolysing larvae, ten of which, on 
microscopical examination, appeared to be sterile. The comb was then inserted in 
the nucleus* 

Date of inoculation. 27 June. 

ResuUs. 2 days: Most of the starved larvae had been removed by the bees and 
eggs laid in the empty cells. Further olwervations 4, 7, 11, 20, 22, 30, 36, 44, 49, 
50 and 63 days after inoculation revealed no infection. 
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Exp. 19. 

Nucleus. Storea; eggs and young larvae; eggs and young larvae; young larvae 
(starved); eggs and young larvae; sealed brood and stores. Very weak in bees. 

Inoculum. 475 and 550 2-4-day-old larvae on either side of a comb were each fed 
0-005 ml. of sterile brood filtrate. The comb was then incubated for 4 days in the 
customary manner. Microscopical examination of six autolysing larvae from the 
comb at the end of this time revealed no bacteria. It was then inserted in the nucleus. 

Dale of inoculation. 24 July. 

Results. The dead larvae were removed by the bees in the usual manner and no 
infected larvae were observed 6, 14, 19, 24, 30, 40 and 49 days after inoculation. 

Exps. 18 and 19 may be regarded as control experiments, for they show that 
uninfected starved leirvae will not induce infection in healthy nuclei early or late in 
the brood-rearing season. 

Exp. 20. 

Nucleus, Eggs, young larvae and sealed brood; eggs, young larvae and sealed 
brood; inoculated comb; sealed broocl. 

Inoculum. A comb of fr(*ahly drawn foundation was selected, and each of 600 empty 
cells near the centre of the comb received 0-005 ml. of a suspension containing 
approximately 6-7 x 10® cells of S. apis. The comb was incubated 12 hours at 33° C., 
in order to dry the bacterial suspension, and it was then suspended in the nucleus. 

Date of inoculation. 15 July. 

Results. 10 days-. A very even patch of sealed brood and young larvae had been 
reared by the bees on the inoculated side of the introduced comb, and no indication 
of any infection. No infected larvae were seen 15, 22, 26, 33 and 42 days after 
inoculation. 

Exp. 21. 

Nucleus. Stores; egirs iind young larvae; inoculated comb; sealed brood; sealed 
brood and stores. 

Inoculum. Approximately 2 x 10* s|inres of B. aliei were dried in each of 600 empty 
cells in a bnunl comb as in the pre\ ions c\|)crimcnt. The comb was then introduce<l 
into the nucleus. 

Dale of i7U>ruUition . 15 July. 

Results. Eggs and young larvae almost ready for sealing were present in the 
inoculated (X>mb and no infected larvae were seen. Examinations of the brood 15, 23, 
28, 33 and 40 days after inoculation revealed no infected larvae. 

lYom the results of the above two experiments it would appear that it is not 
possible to infexit healthy nuclei relatively late in the brood-rearing season by the 
method employed. 

Exp. 22. 

(a) Nucleus. Stores; eggs and young larvae; eggs; young larvae and sealed brood; 
sealed brood and stores. Breeding relatively slowly. 

Inoculum. B. apis was inoculated into 200 ml. of sterile milk containing 10 ml, 
of brood hltrate, and the resulting culture incubated for 12 hours at 35° C. The 
resulting coagulated milk was poured into the empty cells of the brood combs of the 
nucleus, some of it being poured over the coiled larvae. 
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Dale of inoculation. 7 August. 

ResuUa. 3 daya\ Two suspicious-looking larvae; both of these contained a few 
8. apis cells. 5 daya\ No sign of infection. 10 days'. One larva still living contained 
a few 8. apis cells and small rod-shaped bacteria. No infected larvae were seen 19, 
26 and 34 days after inoculation. 

(h) Nucleus. Stores; eggs and sealed brood; eggs and young larvae; eggs and 
sealed brood; sealed brood and stores. 

Inoculum. The method of inoculation was identical with that given above except 
that the milk culture was heated at 100^^ C. for 30 min. in order to kill the bacteria. 

Date of inoculation. 7 August. 

Results. No infected larvae were seen during examinations of the brood at the 
same intervals as recorded in the above experiment. This experiment was the control. 

Exp. 23, 

(a) Nucleus. Stores and sealed brood; eggs and young larvae; eggs and young 
larvae; eggs and stores. Breeding relatively slowly. 

Inoculum. B. alvei was cultivated for 7 days at 35° C. in 250 ml. of milk containing 
10 ml. of brood filtrate. At the end of this time 88 x 10** spores of B. ahm in 10 ml. 
of suspension were added to the milk culture in order to increase the inoculum. The 
culture was then poured over the brood frames of the nucleus. 

Date of inoculation. 8 August. 

Results. Examinations 2, 4, 9, 18» 24, 28 and 36 days after inoculation revealed 
no infected larvae. 

{b) Nucleus. Sealed brood and stores; eggs and young larvae; young larvae; 
stores. Breeding relatively slowly. 

Inoculum. The inoculum was identical with that employed in the first part of 
the experiment except that the milk culture was autoclaved in order to kill the 
spores of B. alvei. 

Date of inoculafinn. 8 August. 

Results. No infected larvae were seen at intervals of examination identical with 
those employed in part (a) of the experiment. 

The results of Exps. 22 and 23 indicate that it is not possible to infect healthy 
nuclei with milk cultures of 8. apis or B. alvei late in the brood-rearing season. The 
experiments should be repeated early in the brood -rearing season. 

Exp. 24. 

Nucleus. Stores; sealed brood and young larvae; eggs and young larvae (inocu- 
lated); eggs and stores; sealed brood. 

Inoculum. 50 ml. of a suspension of 8. apis cells containing approximat<»ly 
1*4 X 10^* organisms was poured over the eggs and young larvae of one of the brood 
combs. The comb was then suspended in the nucleus. 

Date of inoculation. 22 July. 

Results. 3 days: A fairly large number of the larvae in the inoculated comb had 
been removed by the bees as was evidenced by a pronounced irregularity in distri- 
bution of the brood. Further examinations 8, 11, 16, 21, 26, 36 and 42 days after 
inoculation revealed no infected larvae. 

This experiment indicates that disease cannot be induced in a healthy nucleus 
fairly late in the brood-rearing season by pouring relatively large numbers of 8. apis 
vegetative cells over young coiled larvae. 
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II. Inoculation of experimental nuclei by feeding iJte bees suspensions 
containing bacteria or other infective material 

Exp. 26. 

Nucleus, Stores; sealed brood; eggs; young larvae and eggs. 
hioculmn. Forty larvae sick or dead of “European foul brood” were ground up 
with 60 nil. of sterile syrup and fed to the bees of the nucleus. 

Dale of inoculation. 10 July. 

Results. 2 days'. All the infective material had been taken by the bees. 5 days: 
Three sick larvae seen. 9 days: Four sick larvae in one comb. All of these had S. apis 
cells in large numbers, and two of them small rod-shaped bacteria as well. 13 days: 
Six affected larvae were recovered. All of these contained large numbers of 8. apts 
cells and a variable proportion of small rod-shaped back^ria. B. alvei cells were seen 
in one of the affectetl larvae. Pure cultures of 8. apis (culture 5) and of B. alvei 
((‘ulture 13) were isolated. 22 days: Four larvae full of 8. apis cells and small rod- 
shaped bactcTia were recovennl. One of these contained a fair number of B. alvei 
cells. 33 days: One affecl(‘d larva full of apis cells recovertKi. Subsequent examina- 
tions of the brootl 45, 51 , 55 and 62 days after inoculation revealed no further infection. 

This experiment is of interest m that it shows that a nucleus of hybrid bees is 
capable of keeping "European foul brood” in che('k, even when a relatively large 
inoculum of infectious material from natural sources is given, providing that it is 
given at a time w’hen brood rt*aring is alxnit to decline. 

Exp. 26. 

Nucleus. Eggs; young larvae; stores. Weak in bees. 

Inoculum. The l)ees were fts:! infe(tious material on four successive occasions as 
follows : 

Ist day: 34 y 16‘” vegetative cells of 8. api'i is 50 ml. of s\Tup. 

3rd day : 44 X 10‘o 
5thday: 52 * lO'"* 
lOthday: 46x 10‘^‘ 

Date of first tnoculation. 8 July. 

Results. Inspections of the brotsi up to the time of the last inoculation, and 
thereafter at interv^als of 28, 36, 40, 47, 56 and 66 days after the first inoculation, 
reveaknl no infected larvae. 

Exp. 27. 

Nucleus. Eggs; young larvae; stores. Weak in bees. 

Inoculum. The b€*es were fed infectious material on three successive occasions 
as follows: 

1st day: 4 x 10*^ spores of B. alvei in 50 ml. of svTup 
8th day: 4*6 X 10^' „ ,, 

10th day: 51 X 10“ 

Date of first inoculation. 2 July. 

Results. No infected larvat' were observed up to the time of the last feeding, nor 
at intervals of 16, 23, 32, 36, 41, 46 and 64 days after the first feeding. 
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From the results of these experiments it would seem that nuclei are not infected 
by feeding the bees large numbers of 8. apis vegetative cells or B, alvei spores, even 
when several successive doses are fed. 

Exp. 28. 

Nucleus, Sealed brood and stores; eggs, young larvae and sealed brood; drawn 
comb; eggs, young larvae and sealed brood; stores and sealed brood. 

Inoculum, 20 ml, of a Pasteur-rhamberland L 3 filtrate prepared in the usual 
manner from 100 larvae sick or dead of “European foul brood” crushed in 30 ml. 
of sterile brood filtrate were fed to the bees of the nucleus. 

Date of inoculation. 19 July. 

Besulis. No infection was observed 3, 6, 1 1 , 22, 29, 37 and 45 days after inoculation. 
Exp. 29. 

Nucleus. Eggs and young larvae; sealed brood and stores; sealed brood and 
stores; eggs and young larvae; sealed brood and stores. 

Inoculum. 25 ml. of a Pasteur- Cham berland L 2 filtrate prepared in the usual 
manner from ninety “European foul brood” larvae in all stages of disease crushed 
in 60 ml. of sterile brood filtrate were fed to the bees of the nucleus. 

Date of inoculation. 22 July. 

Results. No infected larvae were seen 3. 9, 15, 21, 26, 33 and 42 days after 
inoculation. 

Exp. 30. 

Nucleus. Stores; eggs and young larvae; sealed brood; stores; eggs and young 
larvae. 

Inoculum. The bees were fed infectious material on each of two successive days 
as follows: 

First feeding: 2x 10^° sjx)res of B. alvei; 6*7 x 10^’ vegetative cells of S. apis; 
5 ml. of a Pasteur-Chamberland L 2 filtrate, prepared as in Exp. 29; and 16 ml. of 
sterile S3Trup. 

Second feeding: 2x 10^^ spores of B. alvei; .3 7 x 10'^ vegetative cells of S. apt'*; 
5 ml. of the Pasteur-Chamberland L 2 filtrate; and 15 ml. of sterile syrup. 

Date of inoculation. 15 J uly. 

Results. No infected larvae were found when the brood was examined 4, 8, 18, 
24, 33, 35, 40 and 43 days after inoculation. 

The above three experiments may be regarded as additional evidence in favour 
of the fact that a virus is not implicated in the etiology of “European foul brood”. 

III. The results of transferring queens from nuclei affected with ^'‘European 
foul brood'" to healthy queenless nuclei 

Exp. 31. 

The queens from the nuclei used in Exps. 2, 10 and 12 were kept for 48 hours in 
queen cages with twelve worker bees; the cages containing candy as usual. Three 
three-comb nuclei (two combe of sealed brood and stores and one frame with founda- 
tion) were made up, and one of the above queen bees was introduced into each 
nucleus, the date of introduction being 1 or 2 August. 
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Restdte, 9 daya after introduction: Large numbers of eggs had been laid in at 
least two frames of each nucleus. 16 daya: Eggs, young larvae and sealed brood in 
each nucleus, and no sign of any infected larvae. Further inspections of the brood 
23, 29 and 41 da}^ after the introduction of the queens revealed no infected larvae. 

This experiment may be regarded as further evidence in favour of the fact that 
“European foul brood” is not carried by the queen. 


Discussion 

It is evident from the results of the experiments described in this 
paper that “European foul brood'’ can be initiated in healthy nuclei by 
feeding either the bees or the larvae direct naturally infected material. 
However, the success attendant upon such experiments varies greatly 
according to the conditions under which they are carried out. Thus 
disease was readily induced in a nucleus weak in bees in the active part 
of the brood-rearing season by iaserting in it a comb containing many 
larvae affected with “European foul brood”. When small amounts of 
a suspension of crushed “European foul brood” larvae were fed direct 
to larvae rather early in the b?ood-rearing season different results were 
obtained in each of two experiments. In one case the disease appeared 
but was merely of a mild transient form, never assuming serious pro- 
portions, and disappearing toward the end of the brood-rearing season. 
In the other case no disease resulted; probably because the nucleus was 
strong in bees of a good “ liouse-cleaning” type. When forty larvae 
affected with “European foul brood” were fed in syrup to the bees of 
a healthy nucleus about half-way through the brood-rearing season, 
disease resulted but was not of a serious kind, and toward the end of 
the brood-rearing season no sick or dead larvae could be found. In a 
further experiment small amounts of crushed “European foul brood ’ 
larvae were fed directly to young coiled larvae, the comb containing them 
being incubated for 4 days at 35*^ C. The comb containing these was then 
introduced into a healthy nucleus rather late in the brood-rearing season, 
with the result that no disease developed. 

Experiments have also shown that “European foul brood” can be 
induced in healthy nuclei by inserting in them combs containing larvae 
which have been artilicially infected by feeding them pure cultures of 
B, alvei or S, apis and starving them for 4 days at 35° C. The suscepti- 
bility of the larvae of healthy nuclei to infection when combs containing 
larvae thus infected are inserted in them appears to be governed by 
approximately the same conditions as pertain to inoculations made with 
infected larvae obtained from natural sources. Thus, in the experiments 
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recorded, inoculation of nuclei by this means early in the brood-rearing 
season was followed by a severe infection, while later in the season either 
a very mild transient infection resulted, or no disease was produced. 
It is of some interest that even when a pure culture of S. apis or B, alvei 
was used to infect the larvae which were employed in the starvation 
experiments the disease which ultimately resulted was a mixed one in 
which both these bacteria were recovered from certain of the infected 
larvae. However, the relative proportion of B. alvei and S. varied, 
depending on which of them had been employed in the original inocula- 
tions. Thus, in the case of an experiment made using starved larvae 
which had been infected with S. apis, the number of larvae with masses 
of sporulating B. alvei cells was less than in the case of a similar experi- 
ment in which S. alvei had been employed to inoculate the larvae prior 
to starvation. In further experiments a mixture of B. alvei and S. apis 
was fed to larvae which were subsequently starved in their combs and 
then introduced into healthy nuclei. In one experiment a mild transient 
form of “ European foul brood resulted when a nucleus very weak in 
bees was inoculated in this manner quite late in the brood-rearing season. 
In another experiment in which a nucleus of normal strength was 
inoculated much earlier in the brood-rearing season no disease resulted. 
Certainly it would appear from these results that a mixture of *9. apis 
and B. alvei cells is no more capable of initiating disease than one of 
these organisms alone by the technique employed. Control experiments 
in which uninfected starved larvae were introduced into nuclei early and 
late in the brood-rearing season were unsuccessful as regards initiating 
disease. 

It is of some interest that a mixed bacterial infection of the brood 
ultimately resulted when pure cultures of B, alvei or >9. apis were used 
to infect larvae by the “starved larvae” technique. The reason for this 
is not known. It does seem possible that the bees introduce bacteria into 
recently infected or decaying larvae. Certainly bees are by no means 
sterile creatures bacteriologically, and Bruce White (22) found that 
normal healthy bees carry an organism similar to <9. apis in their intestinal 
tracts. It is well known that the normal hive contains certain spore- 
forming bacteria, including B. alvei. In general the results of these 
experiments suggest that “European foul brood” may not be a single 
disease, but is, perhaps, a mixed bacterial infection of the brood of 
weak colonies of bees. However, any absolute conclusion regarding this 
must be postponed until additional experiments can be carried out. 

Up to the present time it has not been found possible to infect the 
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brood of healthy nuclei by feeding the bees several successive doses 
containing either S. apis vegetative cells or B. alvei spores in large 
numbers. Likewise no disease has been initiated when larvae have been 
fed these organisms directly and then immediately placed in healthy 
nuclei without a preliminary starvation period. In this respect the 
results obtained by Borchert(5, O) have not been verified. The reason for 
this is not clear, but it is possible that the race of bee used by Borchert 
was one which was very susceptible to disease of the “European foul 
brood'’ type. Attempts to cause infection by pouring milk cultures 
*S. apis or B. alvei over developing brood of healthy nuclei have also 
proved unsuccessful; however, these experiments have been carried out 
rather late in the brood-rearing season. Bacteria-free filtrates prepared 
by filtering crushed suspensions of “European foul brood” larvae 
through Pasteur-Chamberland L 2 or L 3 filters have not caused infection 
when fed directly to the larvae or to the bees of healthy nuclei, either 
alone or in combination with bacteria. From these results it would 
appear permissible to conclude that a filterable virus is in no way 
implicated in the etiology of this type of brood infection, especially in 
view of the successful results obtained with pure cultures of bacteria. 

The results of all the experiments outlined above indicate that, with 
the type of bee used, it is normally not easy to initiate “European foul 
brood” in healthy nuclei unless inoculations are made early in the 
brood-rearing season, that is at a time when the preponderance of young 
larvae over both “nurse” and "house-cleaning” bees is relatively high, 
and consequently at a time when the larvae may be subject to a condition 
approaching malnutrition, 'Fliis finding is in direct agreement with the 
important observations made by 8turtevant(i3) with reference to the 
conditions favouring the spread of “European foul brood”. This in- 
vestigator found that black and hybrid bees are more susceptible to 
“European foul brood” than are Italian races; that the disease normally 
occurs only during the early part of the brood-rearing season; that 
Italian stocks of normal strength will not contract the diseavse; that the 
disease frequently disappears when an affected stock experiences a good 
honey flow and the season advances; and that it is relatively easy to 
infect a weak stock of black or hybrid bees in the spring, but that it 
becomes increasingly difficult, if not impossible, to infect such a stock 
during a heavy honey flow’ late in the summer w hen breeding is slow. 

At present no really satisfactory explanation can be advanced for 
the fact that such a large inoculum of infected starved larvae is required 
to induce disease, and that bacteria fed directly to bees or to larvae 
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which are subsequently attended to by the ‘‘nurse bees” have not, in 
the experiments recorded in this paper, caused disease. Perhaps a 
considerable attenuation with respect to virulence follows when the 
bacteria are cultivated for even a short time upon laboratory media, and 
passage through larvae whose resistance has been weakened by starvation 
may restore virulence. Again the possible influence of decomposing 
brood as a convenient “vehicle” for transmitting the disease must be 
considered, as well as the fact that the initial inoculum is probably 
greater when the “star\"ed larvae” technique is employed than when 
bacterial suspensions arc fed. 

The cause of so-called “European foul brood ” has long been a matter 
of controversy. White (lo, 20) believed that a microorganism, 5 . pluton, 
which could not be cultivated on any medium studied caused this disease. 
Lochheado, 10) suggested that B, pluton did not exist as an organism 
distinct from S. apis, and that the forms seen by White, and which were 
called B, phUon by him, were merely lanceolate-shaped vegetative cells 
of S. apis. He also concluded, on the basis of certain morphological 
observations, that “European foul brood” might be caused by a pleo- 
morphic organism which could assume the form of *S. apis or B. ahm. 
This view has recently been adopted by Burnside ( 7 , 8 ), who apparently 
believes that S. apis, B. alvei and Bacterium eurydice may all be forms of 
a single pleomorphic organism. Since this worker has also suggested that 
so-called B. para-alvei may dissociate into B, apis one is forced to conclude, 
on this theory, that all four organisms are pleomorphic forms of a single 
organism. While this view has not been disproved as yet the evidence 
advanced in favour of it is incomplete, and there is room for further 
investigation. Borchert(i, 2, 3, 4 , 5. 6 ) has recently advanced certain evi- 
dence in favour of the fact that so-called “European foul brood” is 
not a single disease, but merely represents a mixed bacterial infection 
of the brood. This explanation seems a fairly plausible one in view of the 
facts already recorded in this paper. Moreover, the disease varies con- 
siderably as regards bacterial flora. Thus several different species of 
spore-forming bacilli have been described as occurring in different cases 
of this type of infection ( 5 , 6 , 1 6 ). Also mixed bacterial diseases of the 
brood other than the disease described as “European foul brood” by 
White ( 19 , 20 ) have been noticed ( 8 , 17, 18). 

The results obtained by certain other investigators ( 3 , 4 , 5, 7 , 9 , lO) have 
led them to assume that B.Jluton White does not exist as a species distinct 
from S. apis, but perhaps this conclusion should not yet be regarded 
as final. Certainly the lanceolate-shaped coccus cells seen in larvae 
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affected with “European foul brood” are apparently not very different 
from those encountered in pure cultures of S. apis or those seen in larvae 
artificially infected with this organism employing the “starvation 
technique” (PL XXII, fig* 6 and PL XXIII, figs. 7-12). It is not un- 
likely that so-called “European foul brood” is no well-defined single 
disease. Rather would it appear that it may be a mixed bacterial infection 
of the brood of bees occurring in the main in the brood of weak colonies, 
and that it has no single specific etiological agent. The theory that the 
bacteria found in “European foul brood” are pleomorphic forms of a 
single species must be regarded with caution until more experimental 
work has been carried out. As yet the evidence presented in support of 
this hypothesis is by no means adequate enough to warrant its adoption. 

Summary 

“European foul brood” has been initiated in healthy nuclei by 
feeding either the young larvae directly or the bees naturally infected 
material. The disease thus produced varied from a mild transient 
infection to a serious form depending upon whether the inoculation had 
been made early or late in the brood-rearing season. In one experiment 
in which a nucleus very strong in bees was employed no disease resulted. 

“European foul brood” has also been induced in healthy nuclei by 
suspending in them combs containing artificially infected larvae in which 
disease had been produced by feeding them pure cultures of Streptococcus 
a pis or Bacillus alvei and then starving them under conditions favouring 
the growth of the bacteria. The susceptibility of nuclei to infection by 
this means seems to be governed by approximately the same conditions 
as pertain to inoculations made with material obtained from natural 
sources. The disease thus induced ultimately becomes a mixed bacterial 
infection of the brood. 

Attempts to cause disecise by feeding the bees or larvae (without 
starving them) relatively large numbers of S. apis or B. ah^ organisms 
have as yet proved unsuccessful. Whether this is due to the fact that 
these bacteria become attenuated with respect to virulence by culturing 
them on artificial media, or that decomposing brood acts as a vehicle 
and that the relative inoculum is greater by this method, remains to 
be determined. 

The failure to produce “European foul brood” by feeding sterile 
Pasteur-Chamberland L 2 or L 3 filtrates prepared from naturally 
infected larvae to the bees or larvae of healthy nuclei, either with or 
without bacteria, may be taken as strong evidence in support of the 
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view that a filterable virus is in no way implicated as an etiological agent 
in this type of disease. This conclusion is strengthened by the success 
which has attended the use of pure cultures of the bacteria associated 
with this disease employing the ‘"starved larvae” technique described. 

The introduction of queen bees from nuclei affected with “European 
foul brood” into healthy queenless nuclei has not caused any trans- 
mission of the disease under the conditions of the experiments. 

Two species of S. apis Maassen have been isolated from affected 
larvae taken from several different cases of “European foul brood”; 
one of thase hydrolyses both casein and gelatine, the other does not. In 
other respects these species appear to be identical. 

The etiology of so-called “European foul brood” is discussed in 
detail, and it is suggested from the evidence submitted in this and 
other papers that it may not be a single disease with one well-defined 
etiological agent, as is American foul brood, but is, perhaps, a non-specific 
mixed bacterial infection of the brood of bees, especially of the brood 
of weak colonies. This conclusion must be regarded as temporary pending 
further investigation. 

My thanks are due to Mr D. M. T. Morland and to Mr A. Holt, whose 
generous advice and assistance in connexion with the apiary work greatly 
facilitated the carrying out of the practical experiments. 


REFERENCES 

(1) Borchert, a. (1934). Untersuchungen uber eine durch Bac, orpheus hervor- 

gerufene Brutkrankheit bei der Honigbiene. Dtsch. J mker/uhrer, vm, 1 . 

(2) (1934). Untersuchungen uber die Lebensoigenschaften des bienenpathogen 

Bac. orphetLS sowie Bemerkungen uber Durchfuhrung und Erfolgeaussicht von 
Ansteckungsversuchen bei Bienenvolkern. Z. InfektKr. Haustitre, xevii, 60. 

(3) (1935). Cber die sogenannte Gutartige Faulbrut und die Sauerbrut. 

Dlsch. Imkerfvhrer, ix, 1. 

(4) (1935). Die sogenannte Gutartige Faulbrut der Honigbiene. Die Deutsche 

Bienenzucht in Theorie und Praxis^ Heft u, 1. 

(5) (1935). UntersuchunTOn iiber die sogenannte Gutartige Faulbrut der 

Honigbiene. Zb/. Bakt. Abt. n, xoii, 179. 

(6) (1935). Uber die krankm£ichende Wirkung des Bac. alvei sowie anderer 

bisher unbekannter Bazillenarten bei der Bienenbrut. Berl. tierdrztl. Wachr. 
LI, 764. 

(7) Burnside, C. E. (1934). Studies on the bacteria associated with European 

foulbrood. J. econ. Ent. xxvii, 666. 

(8) (1935). Studies on the bacteria associated with Parafoul brood. Ibid. 

xxvm, 578. 

(9) Lochhead, A. G. (1928). The etiology of European foul brood of bees. Science, 

Lxvn, 169. 



H. L. A. Tarr 583 

(10) Loohhkad, a. G. (1928). Studies on the etiology of European foul brood of 

bees. Trans. Wt Ini. Cong. Ent. n, 1005. 

(11) Saulsr, W.t Eagles, B. A. & Pendray, G. (1932). Cheese ripening studies. 

Nitrogen requirements of lactic acid bacteria. II. The influence of defined 
nitrogen on the sugar- fermenting abilities of lactic acid bacteria. Canad. 
J. Res. VII, 370. 

(12) (1932). Cheese ripening studies. II. The nitrogen requirements 

of the lactic acid bacteria. Biochem. J. xxvi, 1532. 

(13) Sturtevant, a. P. (1920). A study of the behaviour of bees in colonies affected 

by European foul brood. Bull. U.8. Dept. Agric. No. 804. 

(14) (1932). Relation of commercial honey to the spread of American foul 

brood. J. agric. Res. xlv, 257. 

(15) Tarr, H. L. A. (1934). The present position of the scientific investigation of 

foul brood diseases of bees. Holhamsted Con}. Rep. xvni, 33. 

(16) (1935). Studies on European foul brood of bees. I. A description of 

strains of Bacillus alvei obtained from different sources and of another species 
occurring in larvae affected with this disease. Ann. appl. Biol, xxn, 709. 

(17) (1936). Abridged report of the foul brood investigation for 30 September 

19^ to 30 September 1935. Bee Worlds xvii, 8. (Vorliiufiger Bericht uber 
die Faulbratuntersuchungen vom 30. September 1934 bis zum .30. September 
1935. Arch. Bienenk. xvii, 92.) 

(18) Toumanoff, C. (1927). La flore microbienne d’un couvain malade. Rcjc. MM. 

vit. cm, 367. 

(19) White, G. F. (1912). The cause of European foul brood. Bull. U.S. Bur. Ent. 

No. 157. 

(20) (1920). European foul brood. Bull. U.8. Dep. Agric. No. 810* 

(21) (1920). American foul brood. /6 h/. No. 809. 

(22) White, P. B, (1921). The normal bacterial flora of the bee. J. Path. Bad. 

XXIV, 64. 


EXPLANATION OF PLATES XXII-XXIV 

(All photographs x 1200) 

PLATE XXII 

Fig. 1, Streptococcus apis (culture 1) after 16 hours’ growth on beef-digest agar. This 
strain was a gelatin and casein hydrolyser and was employed in all the infection 
experiments. 

Fig. 2. Streptococcus apis (culture 3) after 24 hours’ growth on beef-digest agar. Note the 
chain of cells. This strain was not a casein or gelatm hydrolyser. 

Fig. 3. Streptococcus apis (culture 3) after 24 hours’ growth on Lochhead’s sucrose -glucose - 
peptone agar (10). 

Fig. 4. Streptococcus apts (culture 1) after 16 hours’ growth on Lochhead’s sucrose glucose - 
peptone agar (10). 

Fig. 6. Streptococcus apis (culture 1) after 12 hours’ growth on beef-digest agar containing 
1 ml. of Mf5 phosphate buffer pH 7 0 per 5 ml. Note the very variable size of the 
cells. 

Fig. 6. Streptococcus apis growing in the tissues of a starved larva after 4 days at 35° C. 
Note the lanceolate- shaped oells. 
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PLATE XXIII 

Fig. 7. Streptococcus apis and Bacillus alvei (a single vegetative cell) growing in a larva 
siok of European foul brood*’. 

Fig. 8. Streptococcus apis showing a mass of typical lanceolate-shaped cells in a larva 
affected with ‘’European foul brood**. A few small rod-shaped bacteria (Bacterium 
eurydicel) can also be seen. 

Fig. 9. Streptococcus apis and Bacillus alvei growing in the tissues of a larva which had 
been fed a mixed suspension of the cells of both these organisms and then starved 
for 4 days at 36® C. 

Fig. 10. Streptococcus apis and Bacillus alvei growing in the tissues of a “starved larva”. 

Fig. 11. Streptococcus apis^ Bacillus alvei and a few small rod-shap)ed bacteria (Bacterium 
eurydiccJ) growing in the tissues of a larva affected with “European foul brood”. 
This larva was one of those recovered in Exp. 15. 

Fig. 12. A preparation similar to that shown in Fig. 11» only from another case of “Euro- 
pean foul brood”. 

PLATE XXIV 

Fig. 13. Bacillus alvei growing in a “starved larva”. This larva was brown, slimy and 
rather evil smelling as a naturally infected larva. Note the spore formation. 

Fig. 14. Bacillus alvei in a slimy decaying “European foul brood” larva. The sporulating 
vegetative cells arranged round the large fat body are similar to those shown in 
Fig. 13. 

Fig. 15. Bacillus alvei and Streptococcus apis in a larva dead of “European foul brood”. 

Fig. 16. Streptococcus apis and a torula or yeckst in a larva dead of an atypical “ European 
foul brood”. In this case the torula or yeast appeared to take the place normally 
occupied by Bacillus alvei (17). 

Note. In most of the preparations made from affected larvae a greater or lesser number 

of round fat bodies of variable size are to be seen; e.g. Figs. 6, 8, 9, 10, 12 and 13. 
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L Introduction 

As remarked by Laing(5), the name Chermes, rendered familiar to students 
of Forest Entomology by long usage, has been superseded by Adelges for 
the reason that the former is preoccupied by a genus of the family 
PsylEdae, jumping plant-lice. Consequently, the family Chermesidae is 
now known as the Adelgidae. 

It is not the purpose of the author to review in detail the complex 
life cycle of Adelges cooleyi, but to present an account of his recent 
investigations, which serve to reduce the gaps in existing knowledge of 
this important pest of Douglas fir and Sitka spruce in Britain. Indigenous 
to North America and first recorded in Britain in 1913, it is considered 
to have been introduced into the latter with nursery stock at some 
earlier date. However this may be, the insect is now thoroughly well 
estabhshed, and its distribution extends from the south and west of 
England to Ross and Cromarty in Scotland. In Ireland it has been 
recorded from the north-east. 

For permission to conduct my observations of A, cooleyi in the forest 
at Glen Tress, Peeblesshire, I am indebted to the Forestry Commission. 
Likewise, to various private owners of plantations of Douglas fir and 
Sitka spruce, I wish to acknowledge the courtesy of their estates. 

II. Generations of the adelgidae 
(1) Alternate hosts 

Thanks to the researches of Chry8tal(2, 3 ), who had the opportunity 
of studying A . cooleyi first in Canada at Stanley Park, Vancouver, and later 
in England and Scotland, the salient facts of its intricate life cycle were 
made available and its alternation of hosts established. For the sake of 
clarity, it may be recalled that a typical life cycle of the Adelgidae 
involves five distinct generations on two coniferous hosts, of which the 
primary is invariably a species of Picea and the secondary, one or other 
species of Pinus, Larix, Abies, Pseudotsuga and Tsuga, the selection of 
the latter depending upon the particular species of adelgid concerned. 
In certain species of Adelgidae the life cycle may be abbreviated by the 
omission of one or more of the five generations, and the partial cycle 
may be confined in some to the primary, in others to the secondary host. 
So far as Adelges cooleyi is concerned, the life cycle conforms to the type 
of five generations, of which three are bred on spruce and the remaining 
two on Douglas fir. In Britain the chief primary host is Picea sitchensis 
Carr., the Sitka spruce, but to this species there must now be added 



A. E. Cameron 


587 


P. alba Link., the white spruce, on which the galls were found at Melrose 
(vide p. 690). So far as the secondary host is concerned, the green 
Douglas fir, Pseudotsuga douglasii Carr., is highly susceptible to attack, 
whilst the blue Douglas fir, P, douglasii var. glauca Sudw., is practically 
immune in Britain. 

(2) Differentiation of generations and outline of life cycle 

For convenience of reference, the designations of the five generations 
of Adelges cooleyiy applicable to those of the Adelgidae in general, 
together with the more important facts of their biology and habits in 
Scotland, have been concisely presented in Table I (p, 588). To these 
reference will later be made in discussing the individual generations. 
Meanwhile it will be noted that the gallicolae and sexuparae agree with 
the sexuales in having each five instars or one additional to those of the 
fundatrix vera and colonici. Adult gallicolae and sexuparae also agree 
in having five antennal segments, which contrast with the four of the 
sexuales and three of the fundatrix vera and colonici. Only adult 
gallicolae and sexuparae are winged, and, with the exception of the 
sexuales, all generations are parthenogenetic, males occurring but once 
in the biennial life cycle. 

Hibernation is effected as first-stage nymphs of generations I and III. 
Migration from the primary to the sec'ondary liost is secured in late 
summer by winged gallicolae of generation 11, which oviposit on the 
needles of the secondary host and thus introduce generation 111. A re- 
verse migration from the secondary to the primary host is made in early 
summer by winged sexuparae of generation IV, which oviposit on the 
needles of the latter and thus introduce generation V. That the two 
hosts may not be essential to the continued existence of all species of 
Adelges is well illustrated by A. cooleyi, which can breed indefinitely on 
Douglas fir without the intervention of the spruce generations. 


III. Historical 
(1) America 

The accompanying diagrams (Text-figs. 1 , 2) on page 598, borrowed from 
Chrystal(3), graphically represent the current idea of the life cycle of A. 
cooleyiy and, so far as I am aware, their content has neither been enlarged 
nor modified by any recent publication on the subject. In America (Text- 
fig. 1) the cycle is represented as being ostensibly complete, except that 
generation V was not observed. Nevertheless, its existence is a priori 
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implied by the occurrence of generation I, which in the absence of 
non-migrating gallicolae, unknown in A. cooleyi, can only be inaugurated 
by pre-existing sexuales of generation 1. In this regard it is interesting 
to learn that there is evidence, to which I will refer later (p. 603), that 
generation Y now exists in British Columbia. 

(2) Britain 

In Britain, ChrystalO) succeeded in finding the sexuales, but among 
the few adults of this generation that were discovered, only a solitary 
female was found. This default of the sexuales was to Chrystal the weak 
link in the chain of generations and the actual cause of the incomplete 
life cycle in Britain. Thus he concluded from the available facts that 
“the failure of the sexual generation precluded the possibility of gall 
formation, and prevented possibly serious injury being done to that tree 
Hence the omission of generations I and II in Text-fig. 2; and that 
Chrystal found neither the fundatrix vera nor the galls on Sitka spruce 
in Britain would appear to be sufl&ciently explained by the impotence 
of generation V. In the light of these facts, the life cycle in Britain has 
been recognized as less complete than in America. In the former it has 
been hitherto considered as practically confined to the Douglas fir, where 
the damage caused by the feeding activities of generation III on the 
needles results in a retardation of growth, which affects young trees more 
seriously than older ones. The potentialities for injury to the host are, 
however, according to Chrystal’s experience in Stanley Park, Vancouver, 
much greater in the case of the gallicolae on the Sitka spruce, in that the 
galled terminal buds are permanently destroyed and further growth does 
not occur distal to the gall. It was, therefore, considered a matter for 
congratulation in the interests of British forestry that the gall-forming 
generation had not become established in this country. 

IV. Adelqes cooleyi in Scotland, 1935; discovery 

OF GALLS IN BRITAIN 

On 7 February I accompanied my colleague, Mr D. C. Fergusson, 
Lecturer in Forestry, University of Edinburgh, on an excursion of 
students of Forestry to the plantations of the Forestry Commission 
at Glen Tress, 1| miles east of Peebles. In the course of inspection 
Mr Fergusson discovered on the t¥ng8 of 10-year-old Sitka spruce, dead 
galls which were found to answer the description of those of A, cooleyi 
(PI. XXV, fig. 3), On the same trees were dead galls of A, abietis and 
On. strolnlobius, from which those of A, cooleyi are readily differentiated 
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by their greater length, varying from to 3 in., and their almost uniform 
thickness. Later and more thorough examinations of the plantation 
revealed that the galls varied in age from 1 to 3 or 4 years. On young 
trees up to 10 years the galls were easy to find, being comparatively 
numerous on some, but rarer and more difficult to discern on older trees 
of 30 years, because of the greater height of the branches from the ground. 
Chrystars(3) failure to find the galls of A. cooleyi in 1922, despite a com- 
prehensive survey, which included nearly all parts of the country, makes 
it almost certain that they became established in Scotland sometime 
subsequent to his investigation, and possibly only in the last few years. 

Time has not permitted extension of my investigations much beyond 
the confines of Glen Tress, but in the spring and summer of 1935 dead 
galls of A, cooleyi were found also at Melrose and Stobs, Roxburghshire; 
Galashiels, Selkirkshire ; Dreghorn, Midlothian and Murthly, Perthshire. 
At Melrose they were comparatively common in a shelter-belt of white 
spruce, Picea alba Link, on the property of Dr W. B. R. Laidlaw, who 
suspected their identity in 1934. This discovery is of interest in that it 
is the second British record of the occurrence of Adelges cooleyi on a 
primary host other than Sitka spruce. The first was that of Laing(6) in 
1929, who stated that so-called ‘‘woolly aphis” had been reported to 
the Forestry Department of Aberdeen University by an Aberdeenshire 
forester as having appeared and apparently become established on Picea 
nigra and P. pungens var. gla\im, growing near infested Douglas fir. 
Laing identified the “ woolly aphis” as Adelges cooleyi^ but, unfortunately, 
he neglected to state the locality and date of its occurrence, or to which 
of the spruce generations his specimens belonged.^ It is clear, however, 
from his account, that the galls were not discovered. 

At Galashiels, old galls were found on Sitka spruce in a small, mixed, 
roadside plantation of this tree and Douglas fir. At Dreghorn near 
Edinburgh, little difficulty was experienced in finding the galls both in 
a lowland plantation at Hunter’s Tryst and an upland one on the lower 
slopes of White Hill, where the trees had been planted 10-13 years. 
At Murthly they were recovered from Sitka spruce about 50 years old, 
but diligent search failed to reveal their presence in a neighbouring mixed 
plantation of Sitka spruce and Douglas fir established 21-30 years ago. 
Wherever the galls were found on the spruce, infested Douglas fir 
occurred in the immediate vicinity. So far, Norway spruce, Picea 

^ In a letter dated 3 December 1935, Mr Laing informs me that the specimens submitted 
to him for Identification were sexupckrae and that they were collected at Dunecht, 
Aberdeenshire. 
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nordmannia^ has yielded not a single gall of Adelges cooleyi. All the galls 
of Adelges which I have examined on this tree have proved to be either 
A. abietis or Cnaphalodes strobilobius. 

Whilst the discovery of the old galls on Sitka spruce was itself of 
fundamental importance, it was felt that the enquiry should be enlarged 
to include the study of certain vexed problems of the life cycle that had 
not hitherto been satisfactorily solved. In particular, it was considered 
desirable to (1) prove the occurrence of generation I, fundatrix vera, on 
the spruce and follow its development; (2) trace the development of the 
gallicolae and investigate the process of gall formation; (3) observe the 
migration of the gallicolae from the spruce to Douglas fir and discover 
whether their progeny developed into sistentes on the latter host; 
(4) revise the cycle of the colonici generation on Douglas fir with a view 
to ascertaining the exact number of its component broods ; (5) confirm 
the migration of the sexuparae from Douglas fir to Sitka spruce; 
(6) examine the probable causes of failure of the sexuales. 

In the discussion which follows it will be convenient to deal with 
these questions in the order in which they are stated. 

(1) Generation I— fundatrix vera; first British record 

This generation, progeny of the sexuales, hibernates on the Sitka 
spruce as first nymphal instars, located in the crevices of the bark of the 
twigs, close to, or at a short distance from, the terminal bud. It has not 
hitherto been recorded in Britain. At Glen Tress on 12 April 1935, 
second- and third-stage nymphs were discovered, some of which, brought 
to the laboratory, completed their development. The first of the resulting 
stem-mothers or foundresses (Pi. XXV, fig. 1) commenced o\aposition on 
If) April, and under cover of a mass of enveloping, white, waxen wool, 
each laid a number of brown eggs varying from 300 to 500. In the 
laboratory, hatching commenced on 26 April; in the field, hatching was 
not observed until 9 May, when the buds were l)eginning to open and 
shed their investing scales. About a week later an unfortunate vagary 
of the weather seriously threatened the prospect of further development 
of the gallicolae. On the night of 16 May and early morning of 17 May 
an unseasonable frost of unusual severity occurred throughout the 
country. At Glen Tress, where a minimum temperature of 23^ F. was 
recorded, it was computed that 76 per cent, of the buds, burst and 
unburst, had been irreparably damaged (PI. XXV, figs. 1, 2). An 
examination of the buds was made on 22 May, when it was found that 
many of the unhatched egg masses of the stem-mothers had become 
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blackened and had perished, and the hrst-instar gallioolae, which had 
previously migrated to the buds, had shared a similar fate. As a result, 
the number of potential galls was materially reduced and, with this, 
the opportunity to observe the development of the gall-forming generation 
in the field. 

Despite the blighting effect of the frost a few undamaged egg masses 
of stem-mothers were found at Glen Tress as late as 28 May. The nymphs 
which hatched from these and likewise from the eggs that were collected 
previous to the onset of the frost provided specimens for the further 
investigation of the behaviour of the gallicolae in the laboratory. 

(2) Generation 11 — gallicolae; first British record 
(a) Factors of gall formation; galls of Adelges cooleyi; A. abietis and 
Cnaphalodes strobilobius differentiated. 

It is a common opinion among students of the Adelgidae that gall 
formation in the spruce host is primarily induced by the feeding activities 
of the stem-mother or foundress of generation I situated at the base of 
the bud, and is later completed by those of her progeny within the bud. 
Adelges cooleyi differs from A, abietis and Cnaphalodes strobilobius in that 
the stem-mothers are not confined to the bases of the buds but may 
occur on the twigs at some distance from the terminal buds. If gall 
formation is assumed to be merely a reaction of the host in its efforts 
to repair the damage caused by the feeding of the insect, it is difficult 
to imagine how the stem-mother outside the bud can play an effective 
part in the process, especially if she is separated from the buds by a 
distance of 1 or 2 in. 

Some investigators, however, maintain that a secretion introduced 
into the host tissues by the stem-mother whilst feeding retards the 
growth of the bud and stimulates the incipient development of the gall. 
If this were so, it would be natural to expect that all the buds which 
terminate a twig harbouring a stem-mother located at some distance 
from the buds would be equally affected by the secretion, since the latter 
would presumably be conveyed to the tissues of all the terminal buds 
by the vascular bundles. In Adelges cooleyi observation has shown that 
the facts are otherwise, and only those buds are galled which become 
infested by the first-stage gallicolae. Frequently the galled bud may be 
but one of a terminal group, the remaining non-infested ones developing 
in normal fieshion. 

What factor determines the choice of one bud rather than another 
by the young gallicolae, where several are available, has not been 
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ascertained. When the first-stage nymphs have emerged from an egg 
mass laid by a stem-mother at the base of a bud, proximity to that bud 
may be the only determining factor of selection. On the other hand, 
two or more of a group of terminal buds were frequently found to be 
galled, where the stem-mother and her egg mass were situated well below 
the apex of the twig. Here the nymphs in travelling up the twig had 
become dispersed indiscriminately to various buds. The tendency for 
selection of the apical bud by the nymphs may be attributed to their 
marked negative geotropism, which induces them to maintain a migratory 
course to the apex of the shoot and tends to prevent their deviation to 
the lateral apical buds. 

In the study of the gallicolae and their behaviour cut twigs of Sitka 
spruce with adherent stem-mothers of generation I (PL XXV, fig. 1) 
were collected at Glen Tress at various times between 16 April and 
22 May and taken to the laboratory, where the twigs were placed with 
their cut ends in water. Such twigs were maintained alive for periods of 
4^6 weeks, sufficiently long to observe the process of gall formation. 
Observations in the laboratory were supplemented by others made in the 
field at Glen Tress, when an incipient gall was first discovered on 28 May. 
From then onward, individual trees bearing galls were marked, so that 
particular galls could be kept under almost continuous observation 
during the summer. 

The first-instar gallicolae on hatching from the eggs crawl from 
among the loosely felted, waxen fibres of the stem-mother and migrate 
to the opening bud. Passing down the exposed needles, they reach the 
central axis of the bud, along which they range themselves, in groups 
of six to ten, at the bases of the needles. Inserting their mouth stylets 
in the tender tissues, they begin feeding, with the result that the growth 
of the bud is retarded. The axis increases in length only slightly so that 
the leaves which become spaced in a normal shoot remain more or less 
contiguous at their bases. At the same time the bases of the needles 
undergo hypertrophy and fuse with adjacent ones, leaving only closed 
marrow interspaces or loculi, in which the young nymphs are ensconced. 
The aggregation of the feeding nymphs on the under surface of the axis 
causes a foreshortening of this surface, whilst the upper, if uninfested, 
continues its growth. The consequence of this differential growth is a 
curvature of the gall, in which the needles arising from the lower convex 
surface remain shorter than those from the upper. The gall (PL XXV, 
fig. 2) usually involves the whole length of the shoot from base to apex, 
so that there is no subsequent growth beyond the gall as in that of 
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A, abietis (PL XXV, fig. 7), Otherwise, the two types of gall are readily 
differentiated by their shapes. That of A, abietis is short and like a pine 
cone, whilst that of a third species, Cnaphalodes strobUobius (PI. XXV, 
fig. 8), which also occurs on Sitka spruce, is small and stunted, with all the 
needles galled, and it terminates the growth of the shoot. It should be 
remarked that galls of Adelges cooleyi are frequently encountered which 
do not conform to type, in that the bud may be uniformly galled from 
base to apex and on all sides. Others again have been found where the 
shoot had continued to grow beyond the apex of the gall, and the 
continuation had been subsequently galled by Cnaphalodes strobUobius 
or Adelges abietis. 

(6) Changes in colour of gall during development 

In their development the galls of Adelgidae undergo striking changes 
of colour, which were particularly noted in individual galls of Adelges 
cooleyiy A. abietis and Cnaphalodes sfrobilobiuSy all on Sitka spruce. An 
incipient gall of Adelges cooleyi was observed to be entirely green on 
24 May. On 27 May it revealed a delicate pink maculation or stippling, 
which in the next few days gradually deepened to purple. Concurrently 
with this change the individual maculae increased in extent and became 
coalescent, so that by 7 June the gall was uniformly deep purple in vivid 
contrast to the dark green of the projecting needles. The purple coloration 
persisted for 3 weeks, after which it gradually faded and was replaced 
by a bluish green (26 June). Subsequently the colour remained un- 
changed until opening commenced on 26 August to release the fourth- 
instar njmiphs. Then followed desiccation and induration of the gall, 
accompanied by a final change of colour from green to the brown of the 
dead gaU (PL XXV, fig. 3). 

Similar changes of colour were observed in galls of A . abietis through 
green, stippled pink on green, diffused crimson, reddish purple and back 
to green. In the final green stage traces of purple still persist as narrow 
semicircular bands, one between each adjacent pair of swollen leaf bases, 
demarcating the future openings of the gall chambers. 

In contrast to the first two, the gall of Cnaphalodes strobUobius is 
distinguished by the entire lack of rich pigmentary embellishment during 
its development. From its inception it has a blanched appearance, and 
varies between pale greenish white and pale yellow. The proportion, too, 
of the galled to the ungalled parts of the individual needles is much 
greater in the gall of Cn. strobUobius than it is in Adelges abietis , and least 
in A. cooleyi. This difference is readily recognized by a comparison of 
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figs. 2, 7 and 8 of Plate XXV and is expressed by the greater length of the 
projecting needles in the gall of A. cooleyi than in that of A, abietis, those 
of Cnapholodes strobilobius being the shortest of the three, 

(c) Attempt to reproduce galls; localities where living galls were found 

Incidentally, it may be remarked that an attempt to induce repro- 
duction of the galls of Adelges cooleyi on a youHg tree of Sitka spruce in 
the laboratory proved unsuccessful. In this experiment young trees of 
Sitka spruce were obtained from the nursery of the Forestry Department, 
University of Edinburgh, at Dreghorn, potted and taken to the laboratory 
on 22 April. Eggs of the fundatrix vera were collected at Glen Tress on 
22 and 28 May and transferred to the bursting buds of the spruce in the 
laboratory. The experiment failed to produce results for two reasons. 
First, the percentage of e^gs that hatched was negligible due to their 
previous exposure in the field to the destructive frost of 16 and 17 May, 
and second, because the buds of the spruce, to which they were trans- 
ferred, had become too far advanced in their growth under laboratory 
conditions to be affected by the few first-stage nymphs that succeeded 
in hatching. 

Whilst the investigations at Glen Tress and in the laboratory at 
Fldinburgh required undivided attention, opportunity was made during 
the summer to pay a limited number of brief visits of inspection to other 
localities where combined plantations of Sitka or other spruce and 
Douglas fir were known to occur. These localities have already been cited 
(p. 590) in reference to the discovery of the dead galls of A. cooleyi of 
past seasons. In only two, other than Glen Tress, were the developing 
galls of this season found, at Murthly, 4 July and Dreghorn, 4 September, 
and they were comparatively rare. At the former it is interesting to 
record that the fresh galls occurred on trees of Sitka spruce 50 years old, 

(rf) Dehiscence of gall, migration of gallicolae, ovtposilion 

In the laboratory, dehiscence of the galls was first noted on 17 August. 
Previously, on 12 August, a few ripe but unopened galls were dissected, 
and nymphs of the fourth instar, characterized by the possession of 
rudimentary wings, were disclosed in the gall chambers. It was not, 
however, until 23 August that the first voluntary emergence of the 
latter was observed in the laboratory. On tlie following day, several of 
the nymphs were seen to be undergoing the final eedysis, and winged 
gallicolae eventually appeared. At Glen Tress the dehiscence of the galls 
had become general on 2 September, when mature adults were found. 
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The comparative paucity of galls of the current season and consequent 
sparseness of winged gallicolae made it difficult to maintain competent 
observation of their behaviour in the field. Nevertheless, their migration 
from Sitka spruce to Douglas fir was verified and oviposition occurred 
on the latter host (PL XXV, fig. 4). 

With the gallicolae reared in the laboratory, an experiment was made 
to determine the readiness with which they would pass to Douglas fir. 
A young tree, planted in a large pot, was exposed on 2 September in a 
muslin cage with ripe galls, from which gallicolae were emerging. On 
attaining their wings, the gallicolae remained quiescent for a few hours 
before taking flight, when they dispersed to the walls and roof of the 
cage. After a day’s interval a few were observed to have settled on the 
leaves of the Douglas fir and commenced oviposition 3 days later. Like 
the sexuparae, the gallicolae secrete a copious amoimt of waxen wool, 
investing both their bodies and the egg mass. The eggs began hatching 
on 14 September. 

As there appeared to be no good reason why winged gallicolae might 
not settle on Sitka spruce equally with Douglas fir, a further experiment 
was made to test this. On 11 September a young Sitka spruce was placed 
in the cage but was entirely neglected by the winged gallicolae therein. 
Specimens of the latter were then transferred to the needles by hand on 
15 September. The majority failed to settle and abandoned the needles 
soon after the transference was made. The few that remained secreted 
wool. Oviposition was first noted on 18 September, and hatching com- 
menced on 30 September. 

It might appear as if the results of this second experiment were 
suggestive of the possible existence of a ''parallel series” of A. cooleyi 
confined to Sitka spruce and comparable to that which occurs on Douglas 
fir. But further consideration reveals that the results are open to serious 
criticism. In the first place, the winged gallicolae did not voluntarily 
select the host as they did the Douglas fir, but were transferred to the 
Sitka spruce by hand. Secondly, of the 300 odd specimens that were thus 
transferred, only about a dozen became established and oviposited. 
Whilst, as was to be expected, the resulting first-stage nymphs (sistentes) 
resembled in all respects those which hatched from the eggs laid on 
Douglas fir, it still remains to bc seen whether they will continue to 
thrive and complete their development in the spring. The suitability of 
the spruce as a host for the progeny of the gallicolae was questioned 
soon after they hatched, when it was observed that many of them 
dropped from the needles after making vain attempts to penetrate the 
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leaf tissue with their stylets. There were still a few adherent on 20 Decem- 
ber, and their progress is being carefully watched. 

Great importance cannot be attached to the fact of oviposition of 
winged gallicolae on the spruce in the foregoing experiment. In itself 
oviposition is not an index of host preference, especially where the 
conditions are widely divergent from those obtaining in Nature. Even 
the absence of a host tree does not inhibit oviposition. Mature gallicolae 
that had emerged from galls placed on a white sheet of paper under a 
glass bell- jar laid eggs not only on the paper but also on the wall of 
the jar. 

Conclusions concerning the distribution of the gall-forming generation 
cannot be drawn from the few instances of inspection quoted above 
(p. 690). Nevertheless, the finding of the galls in practically all of the 
few localities visited suggests that the distribution of the gallicolae and 
their establishment on the primary host may be fairly wide. The im- 
portance of the problem demands the immediate institution of an 
intensive survey to define the limits of their spread. 

(3) Generation III — colonici 
(a) Categories of sisientes. 

It was not originally planned to devote much attention to the 
development of generation III (PL XXV, fig. 5), the annual cycle of 
which was reported by Chrystal in 1922 as identical in Britain and 
America (Text-figs. 1, 2). As the season advanced it became apparent, 
from such observations as were made, that the cycle in Scotland was 
not quite so simple as Chrystal (3) had represented (Text-fig. 2) in the 
south of England. It was, therefore, decided to submit the colonici to 
closer observation. According to Chrystal there are two component 
broods in the annual cycle of the colonici, of which one, the sistens, or 
winter brood I, hibernates as nymphs of the first stage, developing into 
stem-mothers (fundatrices spuriae) during the following spring. The 
other, the progrediens, consists of the progeny of the antecedent winter 
brood I and is the dimorphic summer brood I. One-half of the latter 
develops into winged migrants, thesexuparae, the other into stem-mothers 
like those of the winter brood. Finally the progeny of the stem-mothers 
of the summer brood are said by Chrystal to consist entirely of sistentes, 
which brings the cycle back to the point where it began the previous 
year. 

Reference to Table I and to Text-fig. 3 will serve to simplify the 
interpretation of the data, which I obtained during the course of my 
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observations of the colonici at Glen Tress and elsewhere in Sootland, 
extending from February to December 1935. Comparison of Text-figs. 




Srxupara 



Text-fig. 1. Graphical reproaentation of the life cycle of Adelges cooleyi Gillette in America. 

After Chrystal, BvU, For. Comm.y Lond., No. 4, 1922. 

Text-’fig. 2. Graphical representation of the life cycle of Adelges cooleyi Gillette in Britain. 
After Chiystal, loc. cil. 

Text-fig. 3. Graphical representation of the life cycle of Adelges cooleyi Gillette in Scotland, 
1926, as described in the text. Original. 

2 and 3 will show wherein my observations differ firom those of 
Chrystal. 
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Table I and Text-fig. 3 indicate that the sistentes of winter brood 1 
of the colonici, present on the needles of Douglas fir during any one 
winter, are a heterogeneous mixture of progeny derived from four 
different sources as follows : 

(1) The whole of the progeny of the gallicolae migrantes which settle 
on Douglas fir. Sistentes of this category were first observed in September 
(Table I) and are represented in Text-fig. 3 by the lower arc of the 
large circle. 

(2) Part of the progeny of the stem-mothers of winter brood I of 
the previous year. The sistentes of this category were first noted in 
June (Table I). They apparently arose from eggs laid by late-maturing 
stem-mothers. This part of the cycle is represented by the whole cir- 
cumference of the inmost of the three small circles (Text-fig. 3), and it 
will be noted that here a sistens brood gives rise directly to another 
sistens brood. Progrediens 1 or summer brood I and the sexuparae are 
likewise the progeny of the stem-mothers of winter brood I, and are 
derived from eggs deposited by early -maturing stem-mothers of this 
brood. This dimorphism is indicated in Text-fig. 3 by the arc of the 
large circle w’hich proceeds to generation IV (sexupara) and diverges from 
that of the circle which leads to progrediens 1. The origin of the two arcs 
from a common stem expresses the identity of the first three instars of 
both summer brood I and sexuparae, the third moult differentiating either 
a stem-mother of summer brood 1 or a fourth-instar nymph of the 
sexuparae with rudimentary wings, which undergoes a further ecdysis 
before transforming to the winged imago. Both Gillette (4) and Chrystalf3) 
had previously described this dimorphism. 

(3) Part of the progeny of progrediens I or summer brood I. The 
sistens first-stage nymphs of this category were first noted in July. 
In Text-fig. 3 they are represented by the free arc of the intermediate 
one of the three small circles. The remainder of the progeny of summer 
brood I constitute progrediens II or summer brood II. 

(4) The whole of the progeny of progrediens II. The sistentes of this 
category were first noted in August and are represented by the bottom 
arc of the outermost of the three small circles. 

{b) Annual number of broods. 

In brief, the results of these investigations in Scotland lead to the 
conclusion that the colonici generation is triple- brooded, consisting of a 
winter and two consecutive summer broods in contrast to the two 
broods, winter and summer, found by Chrystal in the south of England 
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and America. Further, the sistentes in Scotland are composed of the 
progeny or part progeny of gallicolae, previous sistentes, summer brood I 
and summer brood II. The contribution of the gallicolae and summer 
brood I to the population of the sistentes was noted by Chrystal in 
America, but in the south of England, by reason of the absence of the 
gallicolae, only the contribution of summer brood I was noted. 

My contention that the colonici are triple-brooded recently received 
unsolicited support in a letter sent by Mr Allan D. Heriot, Entomological 
Branch, Department of Agriculture, Ottawa, in answer to a request of 
mine for specimens of the galls of A. cooleyi from British Columbia, which 
duly arrived. Mr Heriot has devoted considerable attention to the 
Adelgidae of the Interior of British Columbia, and under date of 24 July 
he wrote: ** A. cooleyi Gillette migrates from the spruce galls to Douglas 
fir; the eggs hatch into hibernating first instars, which become foundresses 
of three generations of apterous forms on the fir, the last generation 
remaining as a sistens in the first-instar stage all summer and hibernating 
in this stage. These (sistentes) become foundresses likewise of three 
generations of apterous forms the following year, except that half the 
second generation develop into winged forms that fly to spruce/’ 

(4) Generation IV — sexupara 
(a) Migration to Sitka spriLce, 

Generation IV is single-brooded like all the others except the colonici, 
which has been shown to be triple-brooded. It is greater in numbers 
than any other generation save the colonici and sexuales, the latter of 
which is seriously depleted during development (p. 602) by an extensive 
but unexplained mortality. As with the sexuales and the other winged 
generation, the gallicolae, there are five instars. The migration of this 
generation to Sitka spruce from the Douglas fir on which it is bred is 
readily observable, and its infestation of the primary host may be so 
intensive (PI. XXV, fig. 6) as to change temporarily the aspect of the 
tree. Whilst the early instars of the winged gallicolae are hidden in the 
closed loculi of the gall, those of the winged sexuparae are exposed on 
the leaves of the Douglas fir. 

By his experiments and observations in the south of England, 
Chrystal ( 3 ) was entirely successful in demonstrating the fact of migration 
of the sexuparae from the secondary to the primary host and, incidentally, 
he supplied proof additional to that which he had previously obtained in 
his Canadian investigations, that Gillette’s Adelges cooleyi var. cotoeni 
was merely the colonici stage of A, cooleyi, a conclusion which B6mer(i) 
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had already reached, based upon the structural affinity of the two first- 
stage winter nymphs (fundatrix vera and sistens) and their occurrence 
in the same locality. It only remained to confirm the migration of the 
sexuparae in Scotland, and this proved a comparatively simple task. 
My observations differed from those of Chrystal only in regard to dates, 
since the seasonal appearance of sexuparae and, likewise, the other 
generations in the south of England, would appear to precede those of 
the same generations in Scotland by a week or more. 

In the laboratory at Edinburgh, fourth-stage nymphs with charac- 
teristic wing pads were first observed on an infested Douglas fir on 
3 June, but it was not until 10 June that the brownish black- winged 
adults appeared. This particular Douglas fir was enclosed in a muslin 
cage with a non-infested Sitka spruce, and after a few days sexuparae 
were found to have settled on the under surface of the needles of the 
latter in large numbers. They proceeded to secrete a copious investment 
of wool and laid ten to twelve brown eggs. As is typical of all generations 
of the Adelgidae, the eggs were laid in batches, and each egg anchored 
to the leaf surface by a filamentous stalk arising from its posterior pole. 
Compared with the gallicolae, each of which lays 100-150 eggs, the 
reproductive capacity of the sexuparae is about one-tenth. This striking 
disparity is, however, more than compensated by the superior numbers 
of the latter, at least in Scotland. The egg mass lies immediately behind 
the individual which laid it, in the space between the wings, which 
project well beyond the end of the body and are at the same time inclined 
to each other over the body. Thus the resting position is identical with 
that of the ovipositing gallicolae (PI. XXV, fig. 4). 

Oviposition was practically completed by 25 June in the laboratory, 
and the eggs had almost all hatched by 2 July, at a time when eggs in 
the field had not yet begun to hatch. The period of incubation in the 
laboratory varied from 7 to 10 days; in the field it was 10-12 days. 

At Glen Tress active migration of the sexuparae from Douglas fir to 
Sitka spruce was observed on 26 June, when the latter bore a distinctly 
“frosted” appearance by reason of the large number of individuals, 
enveloped in white waxen wool, that had become established thereon. 
It was evident that the migration had been proceeding for at least a 
week, since many of the sexuparae examined had laid their* full quota 
of eggs (ten to fifteen). At the same time, on the Douglas fir, fourth-stage 
nymphs were still abundant, and their continued evolution provided 
a stock from which winged adults were produced, and migration was 
maintained, although in gradually lessening degree, until the third week 
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of July. In the early stages of the migration the sexuparae settled 
preferably on the old needles, but later they settled indiscriminately on 
both old and new needles, and it was not diflScult to find individual 
needles with as many as fifteen sexuparae attached. By the first week 
of August oviposition had been completed at Glen Tress, and the 
majority of the sexuparae had died. Their dead bodies, however, remained 
adherent to the needles for several weeks. 

(b) Occurrence on other spruce hosts, 

Sexuparae were observed in localities other than Glen Tress, namely, 
Melrose, Murthly and Dreghom. At Melrose, on 26 July, they were 
found on Picea alba, on which, as has been already remarked (p. 590), 
dead galls of Adelges cooleyi had been previously observed. Identification 
of sexuparae on Picea nigra and P. pungens var. glaum by Laing(5) was 
also mentioned on p. 590. At Murthly and Dreghorn they were recovered 
from Sitka spruce. Norway spruce planted with Sitka at Glen Tress was 
entirely neglected by the sexuparae, and, during and after the migration, 
the non-infested condition of the former stood in marked contrast to the 
infested condition of the latter. 

(5) Generation V — sexuales 

(a) Problematical causes of high mortality. 

Little can be said concerning the sexuales except that my observations 
confirm those of Chry8tal(3) concerning the unwonted mort>ality which 
results in almost complete annihilation of the whole generation before it 
attains maturity. At Glen Tress the insects appeared to be decimated 
at the time of the first moult and for no apparent reason. The first-stage 
nymphs were peculiarly inactive, and, so far from dispersing, they 
remained for the most part where they had hatched, in groups of seven 
to twelve, beneath the shelter of the maternal wool. They succeeded in 
inserting their mouth-parts into the leaf tissue, but appeared to do little 
feeding. The abundance of exuviae found adhering to the leaves demon- 
strated that the first ecdysis took place, but the second and later instars 
were so reduced as to render the finding of adult males and females a 
matter of considerable difficulty. As a result only a few specimens of 
either sex were obtained, and of these the majority were males. Ovi- 
position was not observed and the egg has not been recovered. That it 
does occur is verified by the existence of the foundresses of generation I, 
the insignificant numbers of which are explained by the decimation of 
the antecedent sexuales. 
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The factors which are responsible for the high mortality of the 
sexuales still await investigation. It is possible that, as Chrystal has 
suggested, predaceous mites may be the agents of destruction, but in 
Scotland I did not find any evidence to support this theory. Further, 
it seems difficult to accept his suggestion that the preponderance of 
males is due to their greater activity and, therefore, less liability to 
attack than the more sluggish females. In any case the total numbers of 
mature sexuales is so small as to preclude accepting an explanation based 
on predaceous mites, the attacks of which have not been actually observed. 

All the evidence at present points to the operation of an inherent 
constitutional weakness of the sexuales, which may be accentuated by 
untoward climatic conditions and maladaptation to the primary host. 
It will be interesting to learn whether, as time passes, the sexual genera- 
tion will become more thoroughly established in Britain and result in an 
increase of the foundresses of generation I and, consequently, of the 
gallicolae. The occurrence of these two generations in Britain to-day, 
where they were hitherto unknown, suggests that it has in some degree 
overcome its inherent weakness. 

(6) Occurrence of sexuales in British Columbia, 

In regard to the absence of the sexual generation in America, which 
Chrystal noted, a further quotation from Mr Heriot’s letter in continua- 
tion of the one already made (p. 600) shows that this generation is now 
recognized in British (’olumbia. Referring to generations IV and V, 
Mr Heriot prot-eeds to say: “Many of these winged forms are sexuparae 
which lay eggs that develop into males or females. In no case have I 
found both the sexes from the same parent. The female develops a single 
egg, but the egg has not been found either on the branches, leaves,' or 
beneath the bark scales.'" Incidentally Mr lieriot's interesting observation 
that the progeny of individual sexuparae are differentiated as one sex 
or the other, is one which has not, so far as 1 am aware, been previously 
made with regard to Adelges coolaji, 

V. SrM.MARY 

1. Adelges coglegi is a peat of Sitka spruce, the primary host, and 
Douglas fir, the secondary host, on the latter of which it has been known 
in Britain since 1913. 

2. Hitherto its life cycle in Britain has been regarded as incomplete 
because of the non-viability of generation I (sexuales) on Sitka spruce 
and consequent absence of the subsequent generation II (fundatrix vera) 
and generation III (gallicolae). 
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3. Both of these generations have been discovered for the first time 
in Britain and their development followed. 

4. The investigation began with the finding of the dead galls of 
A. cooleyi on Sitka spruce at Glen Tress in February 1935. Subsequently, 
dead galls were also found at Stobs, Melrose, Dreghom and Murthly. 
At Melrose they were found on a new secondary host, the white spruce, 
Picea alba. Later the fundatrix vera of generation I was found. 

5. The growth of the galls was followed on cut twigs in the laboratory 
and on growing shoots in the field; galls of the current season were 
found at Glen Tress, Dreghorn and Murthly. 

6. The winged gallicolae of generation II were observed migrating 
to Douglas fir, where they settled and oviposited. From the eggs there 
hatched t}rpical hibernating first-instar nymphs (sistentes). 

7. Generation III (colonici) was determined to be triple-brooded, and 
this character has recently been noted in Adelges cooleyi in British 
Columbia. 

8. The population of the sistentes on Douglas fir during any one winter 
was found to be composed of four categories, which have been designated. 

9. The migration of generation IV (sexuparae) to Sitka spruce and 
white spruce was observed at Glen Tress and Melrose respectively. It 
was also verified in the laboratory. 

10. Generation V (sexuales), for some cause or causes yet unknown, 
was practically exterminated during development. Only a few adults 
were observed. The solitary egg laid by the female of this generation was 
not discovered. 

11. Further investigation is required concerning: 

{a) The causes of mortality of the sexuales. 

(6) The oviposition of the sexual female, and the sexually pro- 
duced egg. 

(c) The extent of the distribution and establishment of the spruce 
generations in Britain. 

(d) The prospective status of A. cooleyi as a pest of Sitka spruce 
in Britain. 

12. With regard to status, it would be unsafe, at the present juncture, 
to speculate, especially as the investigation has been conducted for only 
one year. I have, therefore, refrained from discussing possibilities of 
damage to the spruce host until more evidence is available. 

The writer is indebted to Mr R. J. Garrick, B.Sc., Research" Student in 
the Department of Elntomology, for the photograph of the winged 
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gallioollae reproduced in PI. XXV, fig. 4. Part of the expenses incurred 
in conducting the investigation were met by a grant from the Earl of 
Moray Endowment of the University of Edinburgh, and it is a pleasure 
to acknowledge this assistance. 
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EXPLANATION OF PLATE XXV 

Fig. 1. Egg mass of fundatrix or stem-mother (generation I) of Adelges cooleyi at base of 
apical bud of Sitka spruce (Pirea ttilchensis). The egg mass had hatched, and the 
fint-instar gallioolae had settled inside the bud, which was already retarded in axial 
growth and ineipiently galled, ('ompare the apical with the normally developed 
right subapical bud or shoot. The left subapical bud was killed by frost, x J. Original. 

Fig. 2. Unopened gall of Adelges cooleyi on Sitka spruce. The galled bud is a lateral. 
The corresponding bud of the opposite aide of the shoot (below, in the photograph) 
had been killed by frost. ^ Original. 

Fig. 3. Open, dead gall of Adelges cooleyi on Sitka spruce, x Original. 

Fig. 4. Winged gallioolae (generation II) of Adelges cooleyi ovipositing on needle of Douglas 
fir. X 12. Original. (Phot. R. Carrick.) 

Fig. 5, Adelges cooleyi (generation III) on Douglas fir in late summer. The white woolly 
masses are the waxen secretions of underlying stem-mothers of summer brood II. 
The needles are heavily infested with hibernating first-instar nymphs (sistentes) 
disoemible under a magnifying lens, x Original. 

F^. 6. Winged sexuparae of Adelges cooleyi on nee<llee of Sitka spruce. The photograph 
illustrates their abundance, x I. Original. 

Fig. 7. Unopened gall of Adelges abietis on Sitka spruce. Compare with Fig. 2, x Original. 

Fig. 8. Unopened gall of CnapAalodes strobilobius on Sitka spruce. Compare with Fig. 2. 

X Original. 


(Received 23 December 1935) 
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FURTHER EXPERIMENTS ON THE CONTROL OF 
THE HOP RED SPIDER MITE, TETRANYCHUS 
TE LARI US L. 

By S. G. JARY, B.A. 

South-Eastern Agricultural College, Wye, Kent 

In a previous paper (2) experiments were described in which a number 
of spray fluids were tested for their toxicity to Tetranychus telarius on 
hops. The phytocidal effect of the sprays upon the foliage and in- 
florescence of hops was also recorded. The results obtained were not 
deemed conclusive, especially in the case of preparations containing 
Derris root and those composed of water- white ” petroleum-oil emulsions ; 
the former showed erratic behaviour in their toxicity toward the mites, 
while the latter, though markedly acaricidal, produced a condition of 
oedema resulting in severe leaf-fail. 

Trials in 1935 were designed to obtain more information upon the 
toxicity of Derris preparations and the effects of petroleum-oil washes, 
as well as to investigate the possible acaricidal properties of certain fluids 
not tested in the previous year. 

Lay-out of trial 

Thirty-three large pots, each containing a single hop plant, were set 
out in eleven groups of three pots each. Pots within any one group were 
separated from one another by about 4 ft, and each group of pots was 
separated from adjacent groups by at least 6 ft. The spacing was arranged 
to minimize any chance of possible migration or adventitious carriage 
of mites from one pot to another. 

Each plant produced at least one strong bine and in some instances 
two. Individual bines were trained separately on poles and most of them 
eventually reached a height of 6-8 ft. 

The plants were all kept with the minimum amount of water, a 
condition which appears to favour the survival and rapid multiplication 
of the mites, but they were all equally subjected to any rain which fell, 
since the pots were grouped on a large cinder bed in the open. 
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A group of three plants was taken as the unit for any one treatment. 
Ten spray fluids were applied and one group of pots retained as untreated 
controls. The treatments were as follows : 

(1) Lime sulphvr at a concentration of 1 gallon of lime sulphur in 
79 gallons of water. 

(2) Petroleum-oil emulsion, the wash containing 2 per cent, oil and 
1 per cent, whale oil-potash soap. 

(3) Bordeaux mixture-cotton-seed oil emulsion, the wash containing 
6 pints edible cotton-seed oil per 10() gallons of Bordeaux mixture 
(10 : 15 : 100). 

(4) Petroleum-oil emulsion, the wash containing 1 per cent, oil and 
^ per cent, whale oil-potash soap. 

(5) Derris extract ”, the wash being made up to contain 0*005 per 
cent, rotenone. 

(6) Whale oil-potash soap, at 1 per cent, concentration. 

(7) Whale oil-potash soap, at J per cent, concentration. 

(8) Derris extract ‘‘5”, the wash being made up to contain 0*002 per 
cent, rotenone, 

(9) Bordeaux mixture (10 : 15 : 100) -ho Pyrethrum extract, the wash 
containing 0*0025 per cent, of pyrethrins 1 and 2 combined. 

(10) Pyrethrum extract, the wash containing 0*0025 per cent, of 
pyrethrins 1 and 2 combined. 

(11) Untreated controls. 

Application of the washes 

By mid- July a considerable population of T. telarius had established 
itself upon the plants, the foliage was beginning to show characteristic 
signs of attack, and the mites had produced quantities of silk web on the 
undersides of the leaves. As far as could be judged visually, the infesta- 
tion was more or less uniform over the whole series, and at any rate all 
the lower leaves of the plants carried a large mite population. Two 
applications of each wash were made, on 23-24 July and 1-2 August 
respectively, A pneumatic knapsack machine was used for the purpose. 
All washes were applied at the same pressure and in the same manner, 
the liquid being directed upward at the undersides of the leaves. 
Sufficient wash was used to ensure thorough wetting of the foliage and 
approximately equal amounts of each were applied, though there was 
necessarily some variation owing to differences in the size of the 
plants. 
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Estimation of results 

Between 1-30 August six estimations were made on the plants to 
assess the effects of the washes. The majority of leaves on all plants 
were examined on each occasion, but particular attention was paid to 
those on the lower 5 ft. of the bine. Very little variation in the intensity 
of attack occurred during the period when observations were made, and 
the toxicity of the washes, as noted on the day after the second applica- 
tion, continued to give a true indication of the degree of infestation 
throughout August. Plants which were cleared of mites did not again 
become appreciably infested, but, where no control of the mites was 
obtained the population continued to develop and the plants were very 
badly attacked. A summary of the observations made throughout 
August is given below. 

Treatment 1. Very few mites, plants almost completely free. 

Treatment 2. Very few mites. Leaf-fall commenced about 6 days 
after first application of the wash. 

Treatment 3. Mites numerous, no appreciable reduction in numbers. 

Treatment 4. Very few mites. Leaf-fall as (2). 

Treatment 5. Mites plentiful. 

Treatment 6. Mites plentiful. 

Treatment 7. Mites plentiful. 

Treatment 8. Mites plentiful. 

Treatment 9. Mites plentiful. 

Treatment 10. Mites plentiful. 

Treatment 11. Very heavy infestation, plants swarming with mites. 

Discussion of results 

In confirmation of the results obtained in 1934, both in small-scale 
and field trials, lime sulphur showed marked toxicity to the mites at a 
concentration of 1/80. There was no indication of any phytocidal effect 
following its use. 

Petroleum oil was quite equal in toxicity to lime sulphur, but 
phytocidal effects were apparent at a concentration as low as 1 per cent. 
The specification of the oil used, however, places it in the category of 
those likely to cause chronic injury to plants, by reason of its high 
boiling range and viscosity, for, according to the evidence assembled by 
Martin(4), oils of relatively low viscosity are less likely to produce 
metabolic disturbances in plant foliage than those of higher viscosity, 
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assuming the oils are of such a character that the injury is not attributable 
to chemical properties. The specification of the oil used is given below. 

Boiling range: 10 per cent, distilled up to 378° C. 

30 per cent, distilled up to 391° C. 

60 per cent, distilled up to 400° C. 

Viacosily: Redwood 1 at 70° F., 806". 

Vnsulphonated residue: 100. 

Specific gravity at 60° F. : 0‘885. 

Its high boiling range and viscosity indicate that the oil would form 
a very stable film upon foliage and, until there is more evidence regarding 
the effect of petroleum oils of lower viscosity upon hops, they must be 
regarded as potentially unsuitable for use. 

The soap employed for the purpose of preparing the oil emulsions 
was shown to produce no ph 3 rtocidal effects at the concentrations 
employed, neither did it show any toxicity toward the mites. 

Cotton-seed oil has been shown by Martin ( 3 ) to have some insecticidal 
value against aphides, and Austin el aZ.(i) have employed it in con- 
junction with Bordeaux mixture for the preparation of insecticide- 
fungicide combination washes on fruit trees. It could be used in a 
similar manner by hop growers, and it was thought desirable to discover 
whether the cotton-seed oil possessed any toxicity toward ‘'red spider”. 
At the concentration employed it proved to be quite non-toxic. 

Both the Denis extracts were without appreciable effect, and though 
they brought about a very slight reduction in the number of mites, as 
far as could be judged, the mortality was so small that it could not be 
assessed by the method employed and was not comparable with that 
caused by lime sulphur and petroleum oil. The washes containing 
pyrethrum extract also proved quite ineffective. 


Control measures in commercial practice 

In applying lime sulphur for the control of “red spider” in the field, 
two main diflSculties are encountered: first, the method of application of 
washes by means of the usual hop-washing machine may not give a 
sufficiently good cover on the undersides of the leaves, and second, there 
may be injurious effects resulting from the interaction of lime sulphur 
and Bordeaux mixture upon the foliage. It is unavoidable, in com- 
mercial practice, that these two substances shall be applied with a very 
small time interval between them, for regular applications of Bordeaux 
mixture are normally made in July for the control of Hop Downy Mildew, 
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at a time when it is imperative also to take measures against ''red 
spider”. 

In a hop garden near Canterbury, which was very badly attacked by 
r. teiarius in 1933 and 1934, Mr W. J. Rickards tried out a suggested 
spray programme over several acres on the variety “Fuggles”. The 
observations recorded below were obtained from this hop garden. 

Winter treatment 

In order to reduce the initial infestation of hops in the spring by 
female mites emerging from hibernation, the poles were treated with a 
tar oil winter wash at 6 per cent, concentration. Knapsack machines 
were used for the purpose and the wash was directed into the main 
cracks of the poles, the nozzle being held very close to them and the 
liquid forced in as thoroughly as possible. The poles were only washed 
to the height which a man could easily reach when standing on the ground 
and holding the spray lance out to its maximum distance. Thus no wash 
was applied to the poles at a greater height than about 8-9 ft. and the 
tops were left untouched. It has previously been shown by Jary(2) that 
the number of hibernating mites is usually small in the top few feet of 
the poles, and that the great majority are assembled in the part from 
ground-level up to a height of about 5 ft. 

In the spring of 1935, following the treatment of poles with a tar-oil 
wash, the original infestation of the hops was small. It should be noted, 
however, that abnormal weather conditions at this period probably 
affected the mite population to some extent. By July, when drought 
conditions prevailed, small colonies had become established and might, 
if weather conditions remained favourable for them, have become 
widespread in time to cause serious injury. It was therefore thought 
advisable to attempt to control the attack before the mites became 
more numerous. 

An application of Bordeaux mixture had been made on 4 July at the 
rate of about 400 gallons per acre, and it was still very much in evidence 
on the leaves on 18 July, when lime sulphur at 1/80 was applied. The 
lime sulphur was a proprietary brand without wetter incorporated, and 
a wetter of the sulphonated lorol type was added to it. This substance is 
known to be harmless to hop foliage and to have no toxic action upon 
the species of mite concerned (Jary( 2 )); About 400 gallons of lime 
sulphur per acre were applied and the wash was concentrated on the 
bine up to the height of the bar string, about 9 ft. from the ground, the 
nozzles on the hop washer being rearranged for this purpose and no 
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attempt was made to reach the tips of the bines, where no mites were 
present. The lime sulphur wash was thus concentrated on the lower half 
or two-thirds of the foliage only and this received, therefore, a very 
heavy application. On 22 July no injury was apparent on the hops, and 
another application of Bordeaux mixture, similar in amount to the first, 
was made. The interaction of the two spray fluids produced dark deposits 
all over the leaves and the foliage presented a very dirty appearance, but 
no injury was caused and there was no abnormal leaf-fail. 

On 26 July a very thorough examination for the presence of T. tdarius 
was made all over the acreage concerned, but only a very few isolated 
mites could be found, together with a small number of eggs. For all 
practical purposes the attack was suppressed and it was not found 
necessary to repeat the lime sulphur application. 

Summary 

1, Small-scale experiments with a number of spray fluids gave the 
following results against Tetranychm telarius on hops: 

(a) Lime sulphur at a concentration of 1/80 proved very toxic to the 
mites, but a second application had to be made to deal with those which 
hatched subsequently from eggs. 

(b) Emulsions of a “water white*’ petroleum oil at 2 and 1 per cent, 
concentrations were very toxic to the mites but caused marked oedema. 

(c) Whale oil-potash soap at 1 and | per cent, concentration; cotton- 
seed oil emulsion, 6 pints of oil per IW gallons of wash; Derris extracts 
of 0-(K)5 per cent, rotenone and ()'0()2 per cent, rotenone content, and 
a pyrethrum extract of 0-0025 per cent, content of pyrethrins 1 and 2, 
were all without appreciable toxic effect upon the mites. 

2. Lime sulphur at 1/80, to which a wetter of the sulphonated lorol 
type was added, proved successful in the field for the control of T, telarius 
on hops. No injury to the plants resulted from the use of Bordeaux 
mixture on the same plants. 
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Introduction 

Glasshouse horticulture has now reached the standing of an important 
industry in many parts of the British Isles. Glasshouse areas are to be 
found in Lancashire, Cheshire, north and south Wales, the Lea Valley 
and other districts. Most large towns have such areas on the outskirts 
of the industrial centres, and amongst the plants raised for ornamental 
purposes chrysanthemums and other Compositae are high in the list. 

In many localities chrysanthemums and other Compositae are subject 
to attack by the chrysanthemum leaf-miner. In some years these attacks 
are so severe that the crop is seriously affected. The year 1934-5 proved 
to be one during which chrysanthemums were badly damaged by this 
insect all over the country (12). 

Although of considerable economic importance the chrysanthemum 
leaf-miner has not been given the attention it demands in this country, 
and at the suggestion of Dr H. W. Miles the species as it occurs in the 
Lancashire area has been studied in detail. 

Synonymy 

In 1838(S) Meigen first gave the name now adopted for this insect, 
although Macquart in 1835(7) had described the same fly as Phytomyza 
genicuiata, P, geniculata would therefore appear to have priority, and 
this name was generally used for some time. However, Brull6 in 1832(1) 
had described another agromyzid as P. geniculata, and since P. geniculata 
Macquart and P. geniculata Brull4 are not synonymous, the former name 
lapses and the insect under discussion is now generally known as 
P. atricomis Mg. The synonymy of the species is given below : 

(P. geniculata Macquart, 1835), 

P. atricomis Meigen, 1838, 

P. hortioola Goureau, 1851, 

P. tropaedi Dufour, 1857, 

P. linariae Kaltenbach, 1857, 

P. pisi Kaltenbach, 1857. 

These various names were probably given as the result of assuming 
that leaf-mining insects show complete specificity in the choice of host 
plants. 

In America chrysanthemums, according to Smulyan(i4), are attacked 
by P. chrysarUk^i Eowarz. Frost (3), after examining European 
specimens of P. atricomis Mg., states that P. chrysanlhemi Kowarz is a 

Ann. Biol, xxm 40 



614 The Biology of the Chrysanthemum Leaf- Miner 

distinct species. Hendel(4), however, would place P, chrymnthemi 
Kowarz in synonymy with P. atricomis Mg. 

Distribution 

The insect has been recorded from many parts of the world and is 
common and widespread throughout Europe. A study of the Monthly 
Summaries of the Plant Pathological Laboratory of the Ministry of 
Agriculture indicates that P. atricomis Mg. is present in all regions of 
the British Isles where composites are cultivated and is particularly 
troublesome where these plants are grown under glass. Infestation has 
been especially severe in north Wales, and widespread attacks have been 
noted in Cheshire, Yorkshire, Surrey, and Devon. 

Food plants 

In addition to cultivated chrysanthemums, according to Seguy(i3) 
P. atricomis Mg. has been bred from no less than twenty-three species 
of composites, including Cineraria steUata L., Calendula officinalis L., 
Helianthus annuus L. ; seven species of crucifers ; four species of legu- 
minous plants; three species of labiates, and various plants among the 
Lilliaceae, Linaceae, Malvaceae, Papaveraceae, Polemoniaceae, Rese- 
daceae, Scrophulariaceae, Solanaceae, and Valerianaceae. In all, no less 
than seventy- two plants are said to be mined by the larvae of Phyiomyza 
atricomis Mg. 

Injury to the plant 

P. atricomis Mg., unlike the chrysanthemum midge (Diarthronomyia 
hypogea F. Lw.) produces larvae which are true miners and not gall 
makers. The larvae eat through the mesophyll of the leaf, often removing 
almost the whole of the assimilating tissue. The mine is linear and 
tortuous and is usually confined to the upper surface of the leaf so that 
the injury is visible from the abaxial surface of the leaf lamina. Numerous 
larvae may be found in one leaf, and their mines cross and recross, thus 
in the final stages giving the effM of a blotch mine. 

In addition to the unsightly effect produced by the larvae, the adult 
female fly is also responsible for a certain amount of disfiguration of the 
foliage. Of the numerous incisions made by the ovipositor, only a 
relatively small number are provided with eggs — the others being used 
as feeding points. On cuttings during the early part of the season these 
holes remain as ^mail bleached areas visible from the upper surface of 
the leaf. When the cuttings have made some 3 or 4 in. of growth, and 
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also during the flowering period, the feeding holes are marked by small 
wart-like growths. These are composed of mesophyll cells which are 
abnormally enlarged and the growth is hard (PI, XXVI, fig. 2 and 
PI. XXVII, fig. 5). 

On chrysanthemums grown out of doors, the injury is seen during 
the summer and autumn periods. On plants under glass the flies multiply 
quickly in the periods of rapid growth of the host plant, viz. spring and 
autumn. They are present throughout the year in glasshouses where 
Compositae are grown. 

In spring, cuttings are liable to be badly attacked and every leaf may 
be mined, the infestation being much more severe than during the 
flowering season. Table I shows the relative density of attack on the 
variety “Edward Page” in April and December. 


Table I 

Variety '"Edward Paye*' 


April 

Av. «i*e No. of 

of leaf puparia 

in. per leaf 

11 11-2 


December 

Av. size No. of 

of leaf puparia 

in. per leaf 

4-25 7-6 


Severely attacked cuttings make very slow growth and may be 
destroyed in some instances. Generally, however, the plants do not die 
but make new foliage when they are taken outside to the frames. This 
may be accounted for by the fact that flies feeding on outdoor host plants 
emerge later in the year and the cuttings are thus given time to recover 
from the attack. 

Even during the breeding season of the fly the plants only occasionally 
seem to be severely attacked out of doors, e.g. the season 1934-5. This 
may be owing to the fact that there is a variety of alternative host plants 
present, and also that the flies are no longer concentrated in a relatively 
small area. 


Notes on the severity op the attack on certain varieties 

The relative degree of infestation of several varieties from two heavily 
infested nurseries was ascertained by measuring the size of leaf and 
counting the number of living larvae or puparia. Table II gives the 
results of the examination of six varieties during the flowering period 
and two varieties in spring. The greatest number of puparia found in 
any one leaf was fifteen (variety “Edward Page” in November), The 

40-2 
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figures suggest that where the fly is present it attacks all varieties, the 
number of puparia being limited by the sire of leaf. 

Table II 



At. size 

Ay. number 

Variety 

of leaf 
in. 

of puparia 
per leaf 

Jean Pattiaon 

40 

6-5 

Edward Page 

4-26 

7-6 

MO* 

11 -2* 

Birmingham 

Favgunte 

40 

8*4 

3*5 

Muy Wallace 

2*2 

28 

Sandown 

1-3* 

6-6* 


* Denotes counts made irom cuttings. 

During the latter part of the summer — in August and September — 
chrysanthemum plants in the field do not appear to be attacked by 
P. atricomis Mg. Plants which are well advanced towards the flowering 
period show no indication of fresh oviposition holes and mines. 

At this time of the year, as during the summer generally, composite 
weeds such as Sonchus oleraceua L., Senecio vulgaris L. and S.jaoobaea L. 
are subject to dense infestation, while herbaceous plants such as 
Chrysanthemum maximum L., C. segeium L., Achillea millefolium L., 
A, JUipendulina Lam. and Artemisia absinthium L. are severely attacked. 

It is possible that during the late summer months the flies migrate 
to wild host plants in preference to cultivated composites. This point, 
however, requires further study before a definite statement can be made. 
Infestation of the plants commences again when they are taken into the 
glasshouse for the flowering period. 

The life history op Phytomtza atricornis Mo. 

Moling 

Extended counts of adult flies at several times during the 1935 season 
gave the following sex ratio: 

Males : Females :: 1*1 : 1. 

In no case did one sex greatly outnumber the other, though the male 
flies tended to emerge before the females. 

Mating takes place several hours after emergence and may occur as 
soon as the flies have obtained their normal appearance. The flies do not 
appear to be influenced to any great extent by conditions of light and 
moisture, and were observed to mate in daylight and artificial light and 
in atmospheres whose relative humidities varied greatly. 
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The male mounts on the abdomen of the female, separating the wings 
and grasping the thorax near the wing bases with the anterior pair of 
legs* The second pair of legs are placed round the middle of the abdomen 
and the abdomen of the male curves downwards and forwards to meet 
the tip of the abdomen of the female. 

Often two males will attempt to mate with a single female and 
occasionally males confined by themselves will attempt to mate with 
each other. In this case the same position is taken up as in actual 
copulation. The female often remains motionless during copulation but 
may walk slowly over the leaf. Occasionally vigorous attempts are made 
to shake off the male, and in this way connexion is generally broken. 
Sometimes the male himself breaks the connexion by releasing the female 
and withdrawing the genitalia after facing in the opposite direction to 
the female. The same female may be mated more than once with the 
same or different males. 

The duration of the copulation period varies greatly from about half 
a minute to many minutes. One pair remained connected for 30 min. 
and another for 2 hours. 8mulyan(i4) states that the average period for 
P. ckrysanthemi Kowarz was 30 min. to 1 hour. 

After mating the male retracts its genitalia immediately and may 
fly away at once. The female remains in the same place for a few minutes 
during which time the ovipositor is partially protruded and retracted 
while the tip of the abdomen is stroked with the hind legs. As soon as 
this operation is finished the female may commence to insert the ovipositor 
into the leaf, either for the purpose of feeding or egg laying. 

Feeding 

Females were observed to insert the ovipositor into leaf tissue 
immediately they were released from the breeding tubes, whether 
fertilized or not. The process is as follows : 

The female selects a spot on the leaf surface by testing with the 
ovipositor. The tip of the abdomen is then bent slightly forwards under 
the body so as to make an angle of approximately 90° with the leaf 
surface. The ovipositor is then inserted into the leaf and travels back- 
wards through the tissue just under the epidermis. The terminal segments 
of the ovipositor are then withdrawn and pushed out alternately, being 
directed to both sides of the plane of the first insertion. At the same time 
the abdomen is rotated, the ovipositor sheath being used as a centre. 
In this way, on complete withdrawal of the ovipositor, a cavity remains 
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which has the shape of a truncated cone, the base of the cone being in 
the tissue. 

The female fly then moves backwards over the incision and im- 
mediately applies the proboscis to the sap that exudes from the per- 
foration. Feeding punctures occur most commonly on the upper surface, 
although they may also be found on the lower surface. 

The males are not capable of piercing the leaf tissue but may feed 
from incisions made by the female flies. 

Punctures made for the purpose of feeding are far more numerous 
than those made for the purpose of egg laying. Some leaves may be 
greatly scarred with feeding punctures while others have only a few 
incisions containing eggs. Table III shows the relative number of 
ovipositor punctures and of larvae in different leaves of the variety 
“Mary WaUace”. 

Table III 


No. of No. of 

ovipositor holes larvae 

55 1 

95 1 

51 3 

44 0 

9 2 

22 0 

23 2 

37 3 

32 3 

47 1 

100 0 


Duration of egg-laying period 

To ascertain the duration of the egg-laying period single fertilized 
females and single pairs of females and males were confined in tubes 
with leaves. The leaves were removed each day and replaced by fresh 
ones, all ovipositor punctures being examined for eggs. Some parallel 
experiments were made, using the leaves of Cineraria steUata L. which is 
also attacked by the fly; in this plant the eggs could easily be seen 
through the epidermis of the leaves. 

One female lived 13 days and oviposited on 12 days. Another lived 
9 days and oviposited on 8 days. The majority of the eggs were deposited 
between the first and third days ^fter the first fertilization. In one 
instance seventy-two eggs were laid and in another fifty-one eggs. 

The maximum number of eggs la;id by one female during 24 hours 
was seventeen. Dissection of fertilized females showed that the number 
of mature eggs present in both ovaries varied from forty-five — 
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immediately after mating — to thirty-five after being on the plant for 
several days. It would appear that all the mature eggs are not laid at 
one time. 

Length of aduU life 

Adult females generally live much longer than males. This is primarily 
due to the use made by the females of the ovipositor for making punctures 
for feeding, while the males are unable to pierce the leaf tissue to obtain 
food. 

Female flies kept on leaves lived from 9 to 21 days under laboratory 
conditions. Males kept with females on leaves lived from 4 to 10 days. 
As already mentioned, it is possible that in applying the proboscis to 
the leaf surface male flies imbibe sap from ovipositing punctures made 
by the female. When males were kept separately they generally died 
after 3 days. Females died after days if not allowed access to leaves. 

The egg (PI. XXVII, fig. 4) 

The egg is ovo-cylindrical with a small but well-defined micropyle at 
one end and measures 0*36 x 0*15 mm. (Text-fig. 1). The chorion is devoid 
of reticulation, being smooth and glistening, 
and the egg is translucent white in colour. 

After 24 hours at 18° C. localization of 
the yolk commences and the egg becomes 
more translucent in certain parts. After 3 
days the embryo is well advanced; segmen- S 
tation is distinct and the rudiments of the ^ 
mouth -parts are also apparent. At the end 2 
of 3J days the embryonic period is almost 
complete and the mouth-parts are quite dark 
and heavily chitinized. The larva is very 
restless and moves continually, the move- 
ment sometimes resulting in the larva revers- 
ing its position in the chorion. 

The eggs were incubated in the laboratory 
at an average temperature of 18*0° C. Of 
fifty-one eggs examined for the period of 
incubation, seventeen hatched after 3| days and thirty-four after 4 days. 
Smulyan(i4) states that eggs of Phytomyza chrysanthemi Kowarz hatched 
on the average after 6 days, the average temperature being 16*3° C. For 
P, atricomis Mg. the average incubation period would appear to be 
about 4 days at 18° C. 
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Emergence^ feeding of the larva and construction of the mine 

The larva emerges from the egg by rupture of the chorion, but it is 
not possible to see whether the emergence slit is regular in form for each 
egg. The larva commences to feed immediately after hatching and usually 
remains for a varying period in the aerating tissue of the leaf, but may 



* Denotes oonunenceiDeiit of mine 

Text-fig. 2. Diagram ahowing the deyelopment of a single mine of 
Phjfkmyza cUrieomis Mg. 


eat immediately right through the mesophyll to the palisade tissue. The 
mouth hooks of the larva are in the form of two-toothed rakes, which 
oscillate about a fulcrum situated at the point of articulation with the 
h)rpostomal sclerite. 

In feeding the larva lies on the left side, the oephalon and anterior 
part of the trunk being bent to the left. The mouth hooks oscillate back 
and forth and remove a swathe of palisade cells. The cepbalon now 
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points to the right. The larva moves forwards slightly and commences 
to remove another swathe of tissue, beginning the cut on the left side 
as before. 

The oviposition hole is thus the commencement of the mine, and 
generally the mines begin near the leaf margin (rarely more than ^ in. 
away) and may continue to follow the outline of the leaf for some 
distance before turning towards the midrib. 

The mines are linear and tortuous, and since they are formed by 
removal of the palisade tissue the upper >epidermis is left white and 
bleached and the mines are therefore very conspicuous from the upper 
surface of the leaf. 

The frass is deposited on the lower surface of the mine as a line of 
small granules, which are often smeared so that the mine has a brown 
colour. Where more than one egg is laid in the same leaf anastomosis 
of the resultant mines is very common and, as already mentioned, the 
leaf eventually assumes an appearance which might be caused by a 
blotch miner. It is possible, however, to see the individual tracks, the 
larvae being primarily solitary feeders. 

The third-instar larva leaves the palisade tissue some time before it 
is mature and makes its way into the aerating tissue, where it eats out 
a chamber and forms a puparium under the lower epidermis and usually 
near the midrib. 

The grovrth of a single mine from eclosion of the larva to the formation 
of the puparium is shown in Tert-hg. 2, and indications of the daily 
increments in length are also given. 

The riRsrr-iKSTAR larva 

On hatching, the first-instar larva b very minute, measuring 0*44 x 0*15 mm. and 
b not much larger than the egg. It b smoothly cylindrical and tapers slightly towards 
the anterior end. The trunk b translucent, the fat bodies and the alimentary canal 
being vbible through the cuticle. When the oepbalo>pharyngeal skeleton b retracted, 
the segmentation of the larva becomes quite marked by contraction of the anterior 
end of the body. 

The head bears paired antennae and maxiliary palps in addition to sense organs 
in the form of minute circular pits. There b no ''toothed plate” such as b described 
by Keilin(6) and de Meijere(9) in CaUiphora erythrocfphala Mg., and Steel (15) in 
OsdneUa frit L. 

The oephalo-phaiyngeal skeleton (Fig. 3 A) consists of paired mouth hooks, 
articulating with a single hypostomal sderite which, pawring backwards, bifurcates 
on each side into the dorsal solerite and phaiyngeal solerite. The hypostomal and 
pharyngeal solerites are not separate. Hie mouth hooks have each two teeth, the 
apical one being the largeet. In thb instar the mouth hooks are not as heavily 
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ohitinized as the hypostomal soleiite. Aooessory soleriteB such ai are described bj 
Steel(15) in OacineUa frit L. are absent, and there is also no connexion between the 
dorsal sclerites on each aide. 



0*12 mm. 


ti.s. 



0*12 mm. 

Text-fig. 3. Cephalo-pharyngeal skeleton of instars of larva of PhyUmyza alricomis Mg. 
A, first-instar larva; B, seoond-instar larva; C, third-instar larva — ^lateral view. 
mJi. mouth hook; A. hypostomal sclerite; d.s. dorsal sclerite; pK.a. pharyngeal sclerite. 

There are eleven body segments, three of which are thoracic. The segmental 
grooves are not well defined unless the larva is in a contracted state. Each inter- 
segmental groove, with the exception of the first two, is marked by rows of minute 
blidlPt dentidei arranged in short series instead of continuous lines. 
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The aniui ia a longitudinal slit on the laet abdominal aegment between and ventral 
to the poateiior apiraolea. 

The first-inatar larva ia metapneuatio, the anterior apiraolea being abeent. The 
posterior spiracles are small pores situated on slight prominences on the eighth 
abdominal aegment; they lead into separate stigmatic chambers whose walls are 
devoid of taenidia. The main tracheal trunks run dorsally in the body and have 
dorsal oommiaaures in each segment except the prothoracic. The mesothoracic and 
the eighth abdominal commissures are much atouter than the rest. Lateral tracheal 
tubes given off from the main trunks are connected by longitudinal commissures, 
thus forming a secondary lateral trunk on each aide. 

The sboond-instae labva 

The second-instar larva varies in length from 1-40 to 2*1 mm. and in width from 
0-65 to 0-63 mm. The larva is widest in the metathoracic region and tapers off 

d.a. 



gradually to the posterior end. The cephalic sense organs are similar to those of the 
first and third instars. The second -instar larva exhibits a lightly chitinized plate 
slightly ventral to the aperture through which the mouth hooks are exserted; it 
extends on either side of the mouth hooks, but its margins are indefinite. This plate 
bears sensory pits and may be homologous with the labium described by Thomas in 
Opomyza germijiaiionis L.(17) and in 0. florum Fabr.(16). 

The mouth-parts have increased greatly in size and show marked differences from 
those of the first instar. The mouth hooks are longer, but the teeth remain about 
the same size as those of the first instar. The hypostomal sclehte is now separate from 
the pharyngeal sclehte on each side (Fig. 3 B). 

Above the cephalic sense organs is a patch of denticles which are much larger 
and more pointed than those of the segmental grooves. There are similar patches on 
either side of and just ventral to the mouth opening. These denticles are directed 
ventrally and must have a scraping action which aids the mouth hooks in the removal 
of the leaf tissue (Text-fig. 5). 
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The interaegmenUl dentioks are more numerous than those of the first instar, 
being especially well marked on the ventral and ventrolateral regions of the body wall. 
They are less numerous on the dorsal surface. 

The second-stage larva is amphipneustio, the anterior spiracles being open to the 
exterior. The general plan of the tracheal system follows that of the first- and third- 
instar larvae. The main difference from the flrst-instar larva is that the dorsal tranks 
open into the anterior spiracles instead of ending anteriorly in traoheoles. The 
cephalic and pluuyngeal regions of the larva are supplied by tracheae which arise 
from the dorsal trunks just before their insertion into the anterior spiracular chambers. 

The anUrior spirades are set dorsally just in front of the posterior margin of the 
prothoracic segment. They are very close together, and each is situated on the apex 
of a short stalk so that the spiracle stands away from the body wall. From above, the 


A 


0-04 nun. 0'04 nun. 

Text-fig. 4. Spiracles of the second -instar larva of PhyUmyza tUrkorni* Mg. A, anterior 
spiracle; B, posterior spiracle, p. peritreme; s. spiracular pore; «.p. spiracular plate; 
S.C. spiracular chamber. 

spiracle is roughly oval in outline and has from nine to ten pores arranged in two 
iiregular rows. These pores are set on the tips of short digitate proceeses and each 
pore has a thickened chitinous ring of peritreme. The pores open into the stigmatic 
chamber, whose walls have a granular appearance and are devoid of taenidia (Text- 
fig. 4 A). 

The potterior spiracles are also set on short stalks and project outwards and 
upwards. There are only seven pores set on short digitate processes (Text-fig. 4 B). 
Branched hain such as are found in Oseindla frit L. and Opomyza sp. are absent. 

ThI THIBD-IKSTAfi LABVA 

In this stadium the larva measures from 3*2 to 3*5 mm. long and from 1*5 to 
2*0 mm. wide. trunk is translucent white in colour, the alimentary canal being 
viiiUe through the body wall in some places. The fat bodies are prominent, and 
numerous oaloo-s|diaerit6B are present. These vary in shape but always exhibit a 
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oonoentrio structure. Their calcareous nature is shown by their slow solution in acid 
alcohol with evoluticm of gas. 

The head is small and may be retracted within the prothoraoio segment by muscular 
action. The sense organs are borne on the anteroventral face on what may be termed 
antenno-maxillazy complexes (Text-fig. 5). 



0*0S mm 


Tert-fig. 5. Ventral view of head of third-instar larva of Pkytomyza cOnconM Mg. showing 
antenno-maxillary complex, dent, dnitiole; ant. antenna; s.o. sense oigan; mx.p. 
maxillary palp; m.A. mouth hook; lateral sense organ; l.p. labial plate. 

The anteroventral surface of the head is divided into two plates by a longitudinal 
groove having thickened walls which form the inner nuugin of each plate. Each 
plate bears just above the middle line a cylindrical antenna. Directly below the 
antenna^ on each side, is a cylindrical maxillary palp which is larger and bears ten 
sensory papillae terminally. Three of these papillae are much larger than the rest. 
In addition the plates each bear six sensory pits of various diameters (Text-fig. 5). 
There are two lateral sensory pits arranged along the outer margin of each antenno- 
maxillaiy plate. These dlfifer from those around the maxillae and antennae in that 
they are surrounded by a lightly ohitiniaed ring some distanoe from the sensory pit. 
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Below the mouth opening and extending laterally on each side is a ohitinous labial 
plate, light brown in colour and with an indefinite maigin. It bears a sensory pit — 
labial palp— on either side of the median line which differs only in detail from that 
described by Thomas (16) in the third-instar larva of Opomyza florwn Fabr. and 
0. genninaiionis L.(17). 



Text-fig. 6. Tracheal system of third-instar larva of Phytomyza atrieomia Mg. ant.sp. 
anterior spiracle; 1.6. lateral branch; he. lateral commissure; d.c, dorsal commissure; 
m,U. main tracheal trunk; posi^p, posterior spiracle. 

The cephalo-pharyngeal skeleton is relatively small in relation to the sise of the 
larva. The mouth hooks possess two teeth of the same shape as those of the seoond 
instar#; JljiiL as in the preceding instars, the mouth hooks are unequal in size, the 
left aak^heiBg the smaller (Text-fig. 5). The teeth therefore alternate and in whole 
mounts ths mouth hooks may appear to possess three teeth. The hypostomal and 
pbasi5mgeal sclecites are heavily ohitinized and the salivary duct can be seen passing 
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between tbe hypostomal soleriteB, which are connected dorsally by a chitinouB bridge. 
There are no accessory, or dentate sclerites (Tejtt-fig. 3C). Above the antenno- 
maxillary plates and on either side below the month opening are patches of con- 
spicnoos denticles, such as have bera described for the second-instar larva. 

The intersegmental grooves are covered with rows of denticles which are chiefly 
confined to the ventrolateral regions of the body wall. There are minute sensory pits 
on the ventral surface of the thoracic and abdominal segments. Examination of 



Text-fig. 7. Puparinm of Phyiomyza atricomis Mg. showing emergence slit. ant.sp. anterior 
spiracle; posLsp. posterior spiracle; cm.s. emergence slit. 

numerous preparations of the third-instar larvae has so far failed to reveal the 
presence of rudimentary larval thoracic feet such as were described for numerous 
Agromyzidae'' by Keilin(5) in 1911. 

The third-instar larva is amphipneustic and the tracheal system (Fig. 6) agrees 
generally with that of the second-instar larva. The spiracles only differ from those of 
the second instar in the number of pores and digitate processes. The anterior spiracles 
have from six to ten processes, while tltt> posterior spiracles have relatively fewer, 
usually from six to nine. 
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Gbowth ratio in thx labvab 

Growth ratios have been obtained in the larvae of Lepidoptera (2) and Hymenoptera 
8ymphyta(10) by the measurement of bead width and irons width in the respective 
groups. By measuring the length of the mouth hooks in each instar an attempt was 



I 

0-059 mm. 


s.p. 


I I 

0*059 ram. 

Text-fig. 8. Puparial ipiraclee. A, anterior ipiraolee; B, posterior spiraole. 
Lettering as in Text-fig. 5. 

made to obtain a growth ratio for the larvae of PhyUmyza alfieomis, but no satis- 
factcary result was obtained. This negative result was supported by oaloulatioiiB made 
from the scale figures given by Thoma8(16, 17) for Opomyza flonm Fabr. and 
0. g^irmitikiionM L. respectively* and by Steel(15) for Oscindla frit L. The fact that 
these ace only three instars in the insects mentioned is against the disooveary of a 
paiMble growth ratio. 
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The PUPABiim (PL XXVII, fig. 6) 

The puparium is formed from the int^^ment of the third-instar larva, and, 
although quite soft at first, soon hardens and becomes rather brittle ; possibly the 
oalco-sphaerites present in the larva are utilized in its formation. The puparium 
(Text-fig. 7) is flattened, elongate and ovoid in outline and cross-section. It varies 
in length from about 2*1 to 2*5 mm., with an average width of 1*0 mm. There is also 
great variation in colour at ail times of the year, some puparia being creamy white 
in colour, whereas others are dark brown. Parasitized puparia are generally very 
dark in colour. 

The anterior spiracles (Text- fig. 8 A) which always project through the leaf surface 
to the exterior are situated at the apex of the puparium on the dorsal surface. The 
spiracles are directed outwards and forwards, both arising from a common base. 
Each spiracle is club-shaped and heavily chitinized, and the pores, which are ten in 
number, are situated round the rim. In the third-insiar larva the stigmatic pores are 
arranged in two irregular rows. 

The posterior spiracles (Text-fig. 8 B) are also heavily chitinized, but, unlike the 
anterior spiracles, are separate at the base. There are ten stigmatic pores arranged 
round the rim of the spiracle in the form of an incomplete circle. The variation in 
length of the puparia suggested! that it might be possible to separate them into two 
groups corresponding with the sex. It was found that male flies always emerged 
from puparia which measured not more than 2*2 mm. long. Female flies always 
emerged from puparia measuring 2*5 mm., and the majority of puparia measuring 
2*2-2*5 mm. also gave rise to female flies. 


Emergence of the adult 

The adult fly emerges from the anterior end of the puparium by 
means of a slit which extends from just in front of the anterior spiracles, 
round the sides of the puparium, to the metathoracic segment. The act 
of emergence causes the ventral portion of the puparium to be bent 
outwards and sometimes detached completely. The detached portion is 
triangular in shape and carries with it the cephalo-pharyngeal skeleton of 
the third-instar larva. The anterodorsal part of the puparium is easily 
detached, having been strained during the process of emergence; this is 
also triangular, the apex being formed from the anterior spiracles. 

Description of the adult (PI. XXVII, fig. 3) 

Interorbital space and ventral region of face yellow: two subequal superior 
orbital setae: one to two infmor orbital setae; cheek equal to a third of half the 
depth of the eye: antennae black; third segment of the antenna quadrate, slightly 
longer than broad: arista almost bare, soaroely more than twice the length of the 
third antennal segment: mesouotum entirely black with a light grey bloom: pleural 
sutures narrowly yellow: four pairs of stout dorsooentral setae: acrosticals absent: 
femora, tibiae and tarsi dull black: knees yellow, feet brown or black: wings hyaline: 
second, third and fourth segments of costal vein as 4: 1 : 1}, veins 2 and 3 sub- 
Ann. Biol, xxm 41 
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parallel) vein 4 nearly straight: halteres yellow: squamae and cilia dark brown: 
length 2-2*5 mm. 

Parasites 

Duimg some periods of the year it is almost impossible to breed 
adults of P. atricomis Mg. from material collected either in the field or 
from glasshouses, owing to the abundance of parasites. Parasitized 
larvae continue to eat through the plant tissue, and in all the parasitized 
material examined pupation took place. The leaves are thus covered 
with mines although the parasites are present in the larvae. Parasitized 
puparia are generally very dark brown in colour, and the fully fed 
parasite larva can often be seen inside. 

Two species have been bred, a braconid and a chalcid, and they are 
awaiting identification. It is probable that the chalcid is a hyperparasite. 

The following figures were obtained from an examination of infested 
material of the chrysanthemum “Mary Wallace” in December 1934. 
Out of 115 puparia only seven adult P. atricornis Mg. were bred, ninety- 
eight puparia giving rise to specimens of the braconid. The extent of 
parasitism was 93*3 per cent. Generally, however, the parasite is not 
quite as numerous as this. 

During the propagating season, when in some districts attacks by the 
leaf-miner appear to be severe every year and quantities of chrysanthe- 
mum “cuttings” are destroyed, parasites have not been bred in large 
numbers. Later in the season, when the plants are attacked by flies 
which have bred in wild composites, such as Taraxacum sp., Sonchits sp. 
and Senecio sp., severe injury to chrysanthemum foliage again occurs, 
and during this period, which continues from late spring to past mid- 
summer, the parasite is very common and undoubtedly reduces the 
number of adult flies in subsequent attacks. Since the parasite allows 
the larva to form a puparium, it does not, however, effect reduction of 
blemished leaves, so that its economic value is not great and other means 
of control must be employed (ii). 

Comparison op the life histories of Phytomyza atricornis Mg, 

AND P. CHRY8ANTHEMI KOWARZ 

Table IV shows the average time for one generation of P, atricomis Mg. 
as described herein and for the closely related P, chrysanthemi Kowarz 
(see p. 613) as described by Smulyan. 

Smulyan’s experiments were carried out at an average temperature 
f{ 16-3° C. The breeding experiments with P. atricomis Mg. were carried 
out at an.average temperature of 18*0® C. 
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Time eUpsing between emergence end ovipoeition 

Incubation period of egg 

Larval peric^ 

Pupal period 

Average length of one generation 


P, alricomis 



27 


P. chrysanthemi 
Kowarz 
days 
1 * 

5 

13 

14 

33 } 


Summary 

1 . The synonymy and distribution of the chrysanthemum leaf- miner 
are discussed. 

2. The host plants are enumerated, and it is shown that the attacks 
on chrysanthemums decrease by August, although the flies are still 
common on other Compositae. 

3. A description and comparison of the morphology of the three 
larval instars is given, and the method of feeding of the larva is discussed. 

4. The puparium and emergence of the adult fly are also described, 
together with an attempt to separate the puparia into sexes by 
measurement. 

5. Some degree of natural control is secured by the parasitism of a 
braconid on which a chalcid is probably hyperparasitic. 

{]. A table is included comparing the developmental period of 
Phytomyza atricornis Mg. and P. chrysanthemi Kowarz. 
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EXPLANATION OF PLATES XXVI AND XXVII 

PLATE XXVI 

Fig. 1 . Chrysanthemum leaves showing typical injury by Phytomyza aR^comis Mg. x 0*75. 
Fig. 2. Chrysanthemum leaf showing injury by larvae and adults of Phytomyza atricomis Mg. 
The arrow denotes larva exposed by removal of leaf surface, x 2*9. 

PLATE XXVII 

Fig. 3. Adults of Phytomyza atricomis Mg. x 1 1 . 

Fig. 4. Egg of Phytomyza atricomis Mg. exposed by removal of leaf surface, x 12*5. 

Fig. 6. Adult of Phytomyza atricomis Mg. at rest on leaf. Feeding punotores and mine of 
larva also visible, x 3*2. 

Fig. 6. Puparia of Phytomyza atricomis Mg. x 7*2. 
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I, Introduction; distribution of the species 

There appears to be no record of the occurrence in England of the Pear 
Fruit Saw-fly, Hoplocampa brems Klug. In 1934 pear fruitlets injured by 
larvae of what appeared to be this species w^ere brought to the notice 
of the writer by Messrs K. V, Cramp and L. F. Clift, the Horticultural 
Organizers for Cambridgeshire. These specimens were obtained from a 
garden in Cambridge. Only a few pears were infested and no saw-flies 
were reared from them. In 1935 a careful watch was kept on these trees 
and a few females of H. brevis were beaten from the open blossoms. 
Later, a nearby garden was found to have a heavier infestation, and it 
was possible to make a preliminary study of the biology of the species 
in this country. 

In certain continental countries this saw-fly has long been recognized 
as an important pest of pears. In 1914 Shtchegolev(7) recorded the 
species as causing great damage around Alushta in the Crimea and along 
the river Katoha, and in 1924 Falcoz(3) recorded from the environs of 
Vienne en Dauphin4 26-30 per cent, of fruit sometimes attacked. 
Observations on the life history of the saw-fly in Denmark were made 
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by Bovien(i) in 1928, and a short description of the adult is given by 
Enslin(2) who states that the species is present throughout Europe. 

From the literature it appears that the pear is the only host plant 
attacked to any extent by H. brevis, Sprengel(8) states that it appears 
to be only an occasional pest of Prunus sp. According to Enslin(2), 
Brischke records the larva from pears, but Hartigs states that the larva 
lives in roses; Enslin, however, points out that this latter statement is 
a misconception and quite incorrect. 

II. The adult 

The species is smaller than Hoplocampa testudinea Klug. Enslin 
states that the size is 4-5 mm., and gives the following diagnostic 
characters (PL XXVIII, fig. 1): Mesonotum brown, spotted black. 
Stigma light yellow, the base brownish. Head and antennae brownish 
yellow without black colouring apart from the eyes. Thorax reddish 
yellow, the mesonotum somewhat darker with dark streaks on the 
individual sclerites and on the base of the scutum. Metanotum black, 
mesonotum densely punctured, almost matt. Legs yellow, wings hyaline 
with yellow veins. Dorsal surface of abdomen black, ventral surface 
yellow. 

Two females were beaten from pear blossom on 18 April and three 
females from the same tree on 23 April. No males were caught; Enslin 
states that the males are very rare, so that it is possible that the species 
reproduces parthenogenetically. On 25 April three females were enclosed 
with pear blossom, and one of these immediately commenced egg laying. 
During oviposition the female faces the bottom of the truss grasping 
the receptacle firmly below the sepals; a small incision is made with the 
saws and the ovipositor is thrust into the receptacle at an oblique angle. 
The egg is inserted immediately beneath the epidermis in a blister-like 
cavity. The blister is generally very easy to find and is usually present 
just below the level of the sepals; the egg becomes visible on lifting up 
the epidermal layer of the blister. The egg is not laid beneath the 
epidermis of the upper layer of the receptacle as with H, testudinea, 

III. The egg 

The egg (Text-fig. 1) is white and translucent, and measures 0*7 by 
0*26 mm. It varies only slightly in shape firom that shown in the text- 
figure. The hatching period was not observed. On examination of 
infested pears on 11 May a number of minute larvae were found; these 
were at first taken to be first-instar larvae, but on measuring the head 
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capsules and determining the number of instars according to Dyar's 
Law, it is thought that they were probably in their second instar. It is 
therefore probable that the hatching period is short and in the region 
of 6 or 6 days as determined by Bovien(i). 

IV. The larva and description of damage 

The second-instar larva is white and translucent, and about 2*5 mm. 
long. J ust after ecdysis the head is very light brown, but before the next 
ecdysis its colour changes to very dark or almost black. There is a dark 
brown chitinous plate on the dorsum of each of the last three abdominal 
segments; on the eighth segment the plate is small, but on segments 9 
and 10 it covers almost the entire dorsal surface. The claws are black 
and there are black markings on the sides of the thoracic legs. 



Text fig 1. Eggs of Hoplocampa dissected out from pear blossom x 63. 

From the damage observed it appears that the larva bores from 
the blister directly into the young fruitlets. The typical damage is a 
blackening in this region and a minute hole from which there is a slight 
exudation of frass. On 11 May three second-instar larvae and two third- 
instar larvae were found. Further examinations of infested fruit were 
made on 18 May, 27 May and 6 June. On 18 May one third-instar larva 
and four fourth-instar larvae were present, and on 27 May there were 
six fourth-instar larvae and one larva in the fifth instar. On 6 J une only 
two larvae were found, both in the fifth instar, so that by this time most 
of the larvae were fully fed and had dropped to the ground. Bovien(i), 
working in Denmark, gives 10 July as the date of entering the ground, 
but Falcoz(3), working in France, states that damaged pears drop after 
the exit of larvae about 30 May. 



636 On the Occurrence in England of the Pear Fruit Saw-fly 

Larvae may leave the original &uitlet infested, but it was not 
determined how many fruitlets could be damaged by one larva. The 
injury in the later stages is similar to that done by the second-instar 
larva described above; holes are bored in the side of the fruitlets and the 
inside of the young pear is eaten out (PI. XXVIII, fig. 3). The larva 
grows fairly rapidly, and in the third and fourth instars it closely 
resembles the second-instar larva. The head just before ecdysis is very 
dark brown, and there are chitinized caudal tergites on the last three 
abdominal segments (Text-fig. 2B). In the fifth instar (Text-fig. 2 A), 
however, the head is light brown and there are no conspicuous caudal 



Text-fig. 2. A, fifth-instar larva of Hoplocampa brevis taken out of cocoon, x 16*5. 

B, caudal segments of fourth-instar larva of Hoplocampa brevis, x 15*5. 

tergites. In this instar the larva is fully grown and is about 7-9 mm. long. 
The body and the legs are pale green and the claws brown. Although 
there are no caudal tergites there is a slight darkening of the dorsal 
surface of the anal segment, a very slight darkening of the ninth segment 
and a slighter hardly noticeable darkening of the eighth segment. 

The head is subgloboae and very similar to that of H.jUiva described 
by Miles et ai.(6). The from is pentagonal and has two dark brown 
diverging streaks. The antennae are small and inconspicuous. The dypem 
is short and broad. The labrum (Text-fig. 3 C) has a straight edge where 
it is attached to the cl}^eus and is emarginate on its lower edge; it 
bears two groups of stout epipharyngeal setae (e.s.). 
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The mandibles (Text-fig. 3 A and B), the tips of the maxillary palpi 
and the end of the labrum are dark brown. The eyes are black. The 
mandibles are heavily sclerotized and dentate ; the dentations of the left 
and right mandibles are dissimilar and closely resemble those of H.jlava. 
The maxillae (Text-fig. 3 B) are also very similar to those of H. flam ; 
the galea (g,) is a fleshy palp, and the lacinea (1.) bears a group of con- 
spicuous setae. The palpiger (p.) bears a four-segmented maxiUary palp. 
The labium (Text-fig. 3 D) bears six setae on its lower surface, and its 
palps (l.p.) are three-segmented. 





Text-fig. 3. Mouth-parts of Hojilorumpa brei'is. '<95. A, left mandible; B, right mandible 
and maxilla; labrum; 1), labium; epipharj'ngeal setae; g. galea; 1. lacinea; 
l.p. labial palp; m.p. maxillary palp; p. paipiger. 


The thoracic and abdominal segments 1-7 are annulated, and 
prominent spiracles occur on the prothorax and on abdominal segments 
1-8. The thoracic legs are not quite as long as those of H.flam and have 
a brownish fused tarsus and tarsal claw. Prolegs occur on abdominal 
segments 2-7 and 10. 

Table I gives the widths of the head capsules of the various instars 
compared with those of H.flava as given by Miles ef al. (5) and with those 
of H, testudinea as given by Miles (4). These suggest that the first-iustar 
larva was missed. 



638 On (he Occurrence in England of the Pear Fruit Saw-fly 

Table I 


Average mdth of head capsules 



H. testudinea 

H. flava 

H, brevis 

Instar I 

0*392 

0-376 

? 

Instar II 

0-550 

0-546 

0-48 

Instar III 

0-780 

0-083 

0-08 

Instar IV 

MOO 

0-916 

0-91 

Instar V 

1-526 

1-061 

1 13 


V. The cocoon 

The fully fed larvae fall to the ground at the end of May and early 
June. On 23 July thirteen cocoons were recovered from the soil beneath 
a pear tree at depths varying from 2 to 8 in. which corresponds closely 
with the depths recorded by Miles (4) for H, testudmea and by Pether- 
bridge el al.i^) for H.flava, 

The cocoons (PI. XXVIII, fig. 2) are made of a dark brown parchment- 
like material, and in a sandy soil they are rough-coated’ owing to the 
sand particles adhering to their surfaces. They vary in length from 5*9 to 
6*2 mm. and in width from 2*9 to 3*3 mm. Cocoons examined on 
1 1 January 1936 still contained viable larvae, so that the species probably 
over-winters as a larva. 

VI. Summary 

Larvae of Hoplocampa brevis Klug., the Pear Fruit Saw-fly, have been 
found attacking pears in two gardens in Cambridge. In some continental 
countries this is a serious pest of pears ; this is the first record of damage 
by this pest in England. 

A preliminary study of the biology of this species has been made, 
and the egg, larval stages and cocoon have been briefly described. 

The writer is indebted to Dr H. W. Miles for the identification of the 
saw-fly and for helpful criticism. 


REFERENCES 

(1) Bovtbn, P. (1928). Blommehvespen og Paerehvespen (Hoplocampa fulvicomis 

og H. brevis), Oartner-Tidende, reprint. Copenhagen. (Abs. Jtev, appl. 
EfU, 1930, xvn, 262.) 

(2) Ensun, E. (1912-17). Die Tenthredinoidea MitteUuropas, p. 246. 

(3) Falcx)z, L. (1922). Notes biologiques but divers Insects des environs de Vienne 

en DauphinA. Bull, 8oc. enl. Fr, No. 16, 223. (Abe. Rev. appl. Eni. 1924, 
XI, 44.) 

(4) Miles, H. W. (1932). On the biology of the apple saw-fly, Hoplocampa iesiudinea 

Klug. A 4911 . appl. Biol. XIX, 420. 





I. Thomas 639 

(5) Milbs, H. W„ Thob£as, I. & Hby, G. L. (1933). On Hoploeampa fiava L., the 

plum taw-fly. Ann, appl. Bid, xx, 722. 

(6) Pbthbbbridoe, F. R., Thomas, I. & Hby, G. L. (1933). On the biology of the 

plum saw-fly, Hoploeampa fiava L., with notes on control experiments. 
Ibid, XX, 429. 

(7) Shtohboolbv, I. M. (1916). Report on the Work of the Assistant Entomologist of 

the Zemstvo of the Oovemment of Taurida in 1914. Simferopol. (Abs. Rev. 
appl. Ent. 1916, in, 339.) 

(8) Spbbnobl, L. (1930). Die Pflaumens&gewespen, /fop/ocawpa /mwMia Christ, und 

Hoploeampa fiava L. Z. angew. Ent. xxi, 1. 


EXPLANATION OF PLATE XXV Ml 

Fig. 1. Adult 9 of Hoploeampa brevis. 

Pig. 2. Cocoons of Hoploeampa brevis. 

Fig, 3. Pear fruitlets damaged by larvae of Hoploeampa brevis 
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Introduction 

The only previous records of damage to wheat by Helophorus nubilus F. 
are those of Petherbridge(3) in which he states: “ I have found the larvae 
of this beetle injuring wheat in Cambridgeshire and Lincolnshire.” The 
former record was made in January 1922 when a few larvae of this 
species were found injuring the young shoots of wheat on a gravel soil 
on the University Farm, Cambridge; the latter refers to larvae found 
feeding on the central shoot of wheat plants at Drainage Farm, Bourne 
Fen, Lincolnshire, on 12 January 1923. In 1921 (2) larvae of Helophorus sp. 
were reported eating the growing points of wheat in Yorkshire, and these 
were probably also H. nubilus, 

Fowler (1) says of the adults “common and widely distributed in 
England. . .prefer sandy places near water;. . .often found in heaps of 
decaying rubbish or under leaves, or even by sweeping herbage, far from 
water.” Sharp (4), quoting Hope, states that "'Empleurus (Helophorus) 
nubilus is widely distributed in the British Islands and is no doubt 
common over much of Western Europe. Nubilus is often found at the 
roots and stalks of cabbages ; the water held in the leaves of the plants 
being quite sufficient to saturate the ground around and satisfy the 
insects. I have watched the same insects for eight or nine weeks at the 
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same plant, and never knew their numbers during that time increased 
or diminished.*’ 

During the present investigation the larvae were most abundant in 
sandy soils and were not found near water. 

Distribution and extent of injury 

On 16 February 1934, three larvae of H. nubilus were sent to us by 
Dr G. H. Bates, Agricultural Organizer for West Norfolk, from a field 
near Hunstanton in which wheat plants were dying. On 21 and 26 
February careful examinations of this field were made. The soil was 
sandy and the tilth very loose. In part of the field where the injury was 
more severe, the previous crop had been rye grass and clover, and in 
another part after sainfoin the attack was fairly bad. In a small patch 
20 X 10 yd. the wheat was good and no Hdopkorus larvae were found, 
and on this area, previously the site of a stack, the wheat followed 
potatoes. A detailed examination of the worst part of the field showed 
that about 80 per cent, of the plants had been injured and about half of 
these had been killed. Occasional wire worms and Frit-fly larvae were also 
found, but the bulk of the damage had been caused by the larvae of 
H, nuhUus. Another examination on 16 April showed that the larvae 
had caused further injury and were almost fully fed, twenty larvae and 
one pupa being found. Shortly afterwards this field was ploughed up, 
as there was not sufficient plant to warrant the expectation of a satis- 
factory crop. 

A number of fields in which wheat was being eaten off were then 
examined in various parts of Norfolk and Cambridgeshire. Several fields 
where a large number of plants had been damaged or killed by H. nubilus 
were found in East Norfolk, three at Bixley about 3 miles south-east 
of Norwich, one at Blofield 7 miles east of Norwich, and one at Bradenham 
about 18 miles west of Norwich. At Hevingham, 8 miles north of 
Norwich, two fields were suffering from a moderate attack. In other 
fields occasional larvae of H, nubilus were found. In all the badly 
attacked fields the previous crop had been red clover (or trefoil) and rye 
grass. At Hevingham also the crops attacked were after either red clover 
and rye grass or trefoil and rye grass; in a neighbouring field, separated 
only by a lane, the wheat, which was partly after beans and partly after 
sugar-beet, was very good and no Hdopkorus larvae were found. 

In Cambridgeshire, wheat badly attacked was found near Shelford 
3 miles south of Cambridge, near Bottisham 5 miles west of Cambridge, 
and at Melboum 9 miles south-south- west from Cambridge. In the first 
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two instances the wheat followed sainfoin. The wheat at Melboom, 
visited on 8 March, was of interest in showing the effect of previous 
treatment on the damage caused by this pest ; 

Section A. After sainfoin. Ploughed in October and drilled the last 
week in November. Here the wheat was badly damaged. 

Section B. After cole seed. Ploughed partly in December and partly 
the first week in January and drilled about a week later. Here the wheat 
was good and no larvae of H. nubilus were found. 

Section C. After wheat. Ploughed in September and drilled the first 
week in October. Here the wheat was good and very little damage due 
to the larvae could be found. 

Section Z>. After wheat. Ploughed in October and drilled the first 
week in December. The whole of this section was suffering from attacks 
of the larvae of H. nubilus, the damage being severe in patches, and 
everywhere there was a moderate amount of injury. 

We can offer no satisfactory explanation of the enormous differences 
in attack in this field. It will be seen that wheat following wheat was 
badly attacked, but with early ploughing and drilling the attack was 
hardly noticeable. An attack after cole seed appears unlikely, as this 
plot was sown shortly after section D. 

On examining the fields at Shelford a second time, on 22 March, 
great difficulty was experienced in finding larvae of H, nubilus, although 
they were found without much difficulty on 28 February. The field at 
Bottisham was examined again on 23 March and after a search of 1 J hours 
not a single larva was found ; several had been found here on 28 February. 
Larvae were also difficult to find at Melbourn on 5 April. On examining 
the fields at Blofield, Hevingham and Braden ham on 20 March it was 
not so easy to find the larvae as during the previous search, but it was 
obvious from the amount of damage that a large number had been 
present. It was after this date that twenty larvae and one pupa were 
found at Hunstanton. 

Several instances of injury to wheat by H. nubilus larvae also occurred 
in Norfolk and Cambridgeshire in 1935. The injury was not as severe as 
in 1934 and generally occurred in association with damage by Frit-fly 
larvae after a rye grass and clover ley. One case of serious damage after 
a sainfoin ley was noted in Cambridgeshire. This occurred in a field of 
wheat, 9 acres of which had previously been sugar-beet and 6 acres 
sainfo^ The wheat after sainfoin was a very thin plant and damage 
on this 'section was severe, but the wheat after beet looked well and no 
Helophorus larvae were found. 
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A case of considerable damage to wheat after trefoil was also noted 
on a very light soil at Ixworth, Suffolk. 

Time and nature of injury 

Damage is caused by the larvae during the winter months, very little, 
if any, occurring in 1934 after the middle of April. On examining the 
plants without moving the soil some of them appear as though damaged 
by Frit-fly and others as though injured by wireworm. Where the plants 
are close together a wireworm usually kills all the plants in that part of 
the drill length where it has fed, with the result that all the leaves turn 
yellow; the larva of //. nubilus, on the other hand, usually feeds on some 
plants neglecting neighbouring ones and does not necessarily kill the 
plants, with the result that the area where it feeds contains a mixture 
of green and yellow leaves. 

Injury to the plants by these larvae may be found in several different 
positions (PI. XXIX): 

(1 ) Below the first node. Occasionally the stem is completely severed. 
With a firm tilth plants may send out fresh rootlets and re-establish 
themselves. 

(2) Just above the first node. A small hole is often found in this 
position. This is smaller than the average wireworm hole. In very young 
plants holes may be found in the coleoptyle. Often the central shoot is 
eaten through, and this is the type of injury that resembles Frit-fly 
damage. 

(3) Between the first node and the base of the highest expanded 
leaf blade. 

(4) Just above the base of the highest expanded leaf blade. Here the 
leaf of the central shoot is damaged or completely severed. Holes may 
also be found in the base of the expanded leaf blades. 

In the early stages of this enquiry it was by no means easy to find 
the larvae even when they were present in fairly large numbers. They are 
not readily seen in the soil especially when small, as they are almost 
brown in colour, and it is only very occasionally that specimens are found 
feeding with their heads inside the plant. The following is a satisfactory 
method of finding these pests. Insert a narrow trowel near the plants 
and prise them up very gently, watching carefully for the larva the 
whole time. Often the larva may be seen to fall to the bottom of the 
hole and if covered with soil is then difficult to find. If no larva is 
seen on lifting the plants the soil around them should be gradually 
removed and examined. 
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The tilth of the wheat field is one environmental factor which appears 
to be very important in its efiect on the severity of the injury caused by 
the feeding of these larvae. This is also true of other pests which attack 
wheat in the early stages. In many of the fields examined the tilth was 
very loose, and at the time of the attack each plant consisted of one 
shoot and primary roots. Under these conditions the plants were easily 
killed, if eaten through below the first node. Occasionally parts of a field 
had a firmer tilth, and hefe the plants had commenced to tiller and were 
sending out secondary roots. In such positions many of the plants 
recovered from the damage caused by H. nubilus^ and when eaten 
through below the first node the secondary roots enabled the plants to 
establish themselves, although usually the outer leaves had turned 
yellow. Weather conditions during 1934 made it difficult for farmers to 
make a firm tilth for wheat on light land, and consequently in many 
fields, which were comparatively free from pests, the wheat grew badly 
during the early stages and produced a thin crop. 

Notes on life history 

We were unable to find eggs and cannot say when the larvae start 
to attack wheat. In 1923 larvae were found attacking plants on 
12 January. In 1935 we found them in four fields in north-west Norfolk 
on 24 January, and at this date a number of plants showed typical 
Helophorus damage, suggesting that the larvae had been feeding for some 
time. In 1922 they were found on 31 January and in 1934 on 16 February ; 
at the latter date the damage was extensive. In 1934, in order to study 
the injury to the plant, larvae were brought back from time to time and 
put in pots in which young wheat plants were growing. These pots were 
kept on the roof of the building. On 9 April, one pot was examined and 
contained two pupae and seven larvae. A search in the field near 
Hunstanton on 16 April revealed the presence of one pupa about 
1 in. below soil-level and twenty larvae. Some of the larvae were fully 
fed and one was near pupation. Most of these larvae were found in the 
top inch of soil. On 6 May 1922, five pupae and one larva were found on 
a wheat field on the University Farm. These were placed in a pot of soil 
and the first beetle was found on 18 May. i 

In 1934 pots of wheat kept out of doors and in which larvae had been 
placed were examined on 26 May. Ten adults were easily found (as they 
were crawling about on the top of the soil), but no pupae or larvae were 
present at this date. On 29 May no beetles were found after a 3 hours’ 
search in the field near Hunstanton, but on 27 July one adult was found 
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in the grass gro¥dng on the side of the hedge as the result of a 2 hours’ 
search. 

The following table gives the dates of finding the specimens present 
in the collections in the British Museum and the Insect Room at 
Cambridge : 

No. of No. of 


Month 

beetles found 

Month 

beetles found 

January 

0 

July 

1 

February 

1 

August 

4 

♦March 

0 

September 

3 

April 

1 

October 

1 

3 

November 

0 

June 

5 

Deoember 

0 


The species over- winters in the larval stage, and the above observa* 
tions suggest that there is only one generation per 
annum and that the adults normally live from May 
till October. The specimens found in February and 
April suggest that a few of the beetles may live through 
the winter. 

Description 

(a) The larva (Text-fig. 1) 

In the final instar the larva, when cleared 
and mounted, is about 7-3 mm. long (excluding 
the length of the anal cerci) and has a maximum 
breadth of about 1*5 mm. It is widest in the 
region of the fourth, fifth and sixth abdominal 
segments; and tapers gradually towards the head 
end and more abruptly towards the tail which 
terminates in two long anal cerci. The colour varies 
from dark brown, early in the year, to creamy 
white, when fully fed ; at the later stage the charac- 
teristic dark brown chitinous plates bearing setae on 
the thoracic and abdominal segments show up very 
distinctly. 

The brown head is about 0-76 mm. wide and is 
narrower than the prothorax. Behind each antenna 
are a group of six ocelli. 

The antenna (Text-fig. 2 A) consists of a basal and 
second segment of about the same length and a small 
terminal segment bearing four setae at its apex. At ( x 13 ). 

* In mid-)ftftroh 1936 two adults and two larrae of H. nubUus were found in rye grass 
and doTer turf which had been ploughed in during the winter. 

Ann. Biol, xxm 
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its distal end the second segment bears a large sensory papilla and a large 
seta on either side. 

Each mandible (Text-fig. 2 B) has three teeth, a long serrated apical 
tooth with two smaller hooked teeth behind. The serrations on the apical 



Text-fig. 2. Mouth-parts of larva of Helophorus nubilus. A, left antenna. B, mandible. 
C, mandible of H, f^gtmis. D, right maxilla, dorsal view. E, labium, dorsal view. 
Lp. labial palp* si* mentum; m.p. maxillary palp; p. palpiger; p.m. prementum; 
a. stipes. 


tooth which number about ten are sometimes worn down. Near the 
inner basal angle is a small bunch of fine setae and on the outer edge is 
m «t!ff spine. 

The maxilla (Text-fig. 2 D) consists of a three-jointed cardo (not 
shown in figure), a large stipes (5.) with minute chitinous denticles on 
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its dorsal surface and a smaller palpiger (p.) bearing a three- join ted 
maxillary palp (m.p.) and a single small palp on its inner surface. 

The labium (Text-fig. 2 E) consists of a large mentum (m.) with 
chitinous denticles on its dorsal surface similar to those on the stipes 
and a bilobed prementum (p.m.), each lobe bearing a two- jointed 
labial palp. 

The labrum has a short median conical process with a larger lobe on 
either side bearing five ribbon-like papillae. 

Thorax, The prothorax is narrower and larger than the meso- and 
metathoracic segments. The scutum is brown and heavily chitinized 
with a dividing line down the centre which extends throughout the 
thoracic and abdominal segments. The chitinized scutellar plates on the 
meso- and metathoracic segments are not as large as on the prothorax 
and do not cover the whole of the dorsal surface of the segment. Each 
of these plates bears two long setae and a number of smaller ones. The 
short legs each terminate in a single claw and bear a number of small 
setae. 

Abdomen, There are nine abdominal segments and with the exception 
of the last each bears a number of chitinous plates. From the dorsal 
surface there are visible two large median plates, a smaller one on either 
side of these and two pairs of lateral plates. There are five plates on the 
ventral surface, a large median plate with two smaller ones on either side. 
The ninth segment bears a large chitinous plate covering the whole of the 
dorsal surface and a smaller plate ventrally. Distally there are two long 
anal cerci about one-seventh of the total length of the body; each consists 
of three segments, a wide basal segment bearing three setae at its distal 
end, a second narrower segment having one seta and a third long narrow 
segment bearing at its apex a long pointed spine. 

(b) The pupa (Text-fig. 3) 

The soft white pupa is about 4*3 mm. long and about 1*5 mm. wide 
in the region of the prothorax. It bears a series of long bristles arising 
fr6m prominent conical tubercles. The head, which bears three pairs of 
bristles, is bent beneath the prothorax and cannot be seen from the 
dorsal surface. The prothorax is large and broad and has a longitudinal 
groove in the middorsal line. It bears eight pairs of bristles situated 
mainly on its dorsolateral margin. The mesonotum is small and narrow, 
and bears a small circular protuberance on the middorsal line and a long 
bristle on either side. The metanotum is much larger, has a median 
longitudinal groove, and carries a pair of bristles similar to those on the 

42-2 
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mesonotum. The wing pads extend to about the base of the second 
abdominal segment. 

There are nine abdominal segments visible 
from the dorsal surface. Segment 1 has one pair 
of dorsal and one pair of epipleural bristles; seg- 
ments 2-8 each have one pair of dorsal, one pair 
of pleural and one pair of epipleural bristles. On 
segment 8 the epipleural bristles may be missing. 

Segment 9 terminates in two large long lobes each 
having a smaller pointed lobe at the end. 


Summary 

Helophorus nubilus F. is recorded as a serious 
pest of wheat in East Anglia. No previous record 
of serious damage has been made, but slight injury 
was recorded in 1922 and 1923. Observations 
in a number of widely separated fields show that 
the intensity of attack varies with the previous 
cropping and a serious attack occurs most fre- 
quently after rye grass and clover. The larva causes Text-fig. 3. Pupaof^eZo- 
most damage when the tilth is loose. phoma nubUus ( x is). 

Observations on the life history suggest that the species has one 
generation per annum. Eggs were not found, and the earliest damage 
to wheat was observed in January. Pupae were found in late April and 
early May, and adults were bred out in the laboratory at the end of May. 
The larval and pupal stages are described. 



The authors are indebted to Dr G. H. Bates and Mr J. C. Mann of 
the Norfolk County Agricultural Staff, and to Mr G. W. Channon, 
formerly of the Cambridgeshire County Agricultural Staff, who reported 
insect attacks on the wheat fields visited. 
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Wheat seedlings injured by larvae of Helophorus nubUus F. 
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THE COMMON RUSTIC MOTH, APAMEA (HADENA) 
8ECALIS L., ATTACKING WINTER CEREALS 

By F. R. PETHERBRIDGE and I. THOMAS 
School of Agriculture^ Cambridge 

In February 1934 the writers’ attention was called to a field of wheat 
seriously attacked by a caterpillar which proved to be that of the Common 
Rustic Moth, Apamea (Hadena) secalis L. {didyma Esp. ; oculea Guen.). 
There are no previous records of serious injury by this pest in this 
country, but it is possible that the “young wheat moth caterpillars” 
described by Ormerod(5) in 1894 were this species. At the time they were 
thought to be caterpillars of the genus Miana, but moths were not bred. 
Larvae of some species of Miana, particularly M. strigilisy closely resemble 
those of Apamea secalie^ and the caterpillars described by Ormerod 
were possibly the latter species. 

Damaged plants were sent to Miss Ormerod on 21 February 1894 
with the following note: “I only find them in lay ground. Where I 
ploughed it in fallow in the same field the wheat looks well, but where 
these maggots are they are destroying the whole crop. They eat the 
heart clean out of the corn.” Ormerod states: “The young wheat plants 
sent showed the serious nature of the damage. This was in various 
stages — as the whole of the centre of the little plant being cleared out; 
or the central shoot being bitten off; or the mischief being then in 
progress. In most instances the little brownish backed caterpillar was 
set head uppermost, either in the middle of the plant, with moist morsels 
of material in the cavity, apparently composed of ‘ frass’ (or the rejected 
results of feeding), or sometimes supported along the back by one of the 
sheathing leaves, so that it could gnaw away the more central part at 
convenience. The caterpillar, however, appeared to have an especial 
preference for so Arranging itself in the central shoot, or emptied sheathing 
leaf of this part of the young plant, that it formed a cylindrical shelter 
for each larva.” 

In 1918(1) it was reported that the larva of a species of moth probably 
A. secalis was found in Shropshire, Hampshire and Wiltshire feeding 
internally in the base of stems of oats and wheat. Attacks were especially 
noted on ploughed up pasture. 

In 1920(4) this species, together with Miana strigUis Clerck., was found 
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injuring wheat, oats and rye in Shropshire and attacking wheat in 
Carmarthen. In 1921 (4) it was found attacking wheat in Cambridgeshire 
and oats and rye in Shropshire and Essex. This report states: “Damage 
due to these insects either on the increase or becoming more generally 
recognized. A» secalis the chief but not the only species.” 

There are a number of records of damage to cereals, and particularly 
rye, by these caterpillars on the continent. In 1913 Lind et al.{^) found 
them in May and June, and in one locality at the end of April. 

Shtchegolev(7) records this pest as occurring in unusual abundance 
in parts of Russia in 1923 and causing considerable injury to winter 
sown rye. 

On 16 February 1934, Dr G. H. Bates, Agricultural Organizer for 
West Norfolk, sent from a field at Shernbome specimens of wheat plants 
damaged by caterpillars which proved to be v4. secalis. This field, which 
was visited on 21 February, was situated next to a grassy drove and was 
also adjacent to a strip of land, about 20 yards wide, partly planted with 
trees and partly covered with grasses. The field was almost bai^, apd 
only about 10 per cent, of the wheat plants remained. There was a certain 
amount of injury due to the larvae of the beetle Helophorus nubilus and 
Frit-fly, but the bulk of the injury was caused by the caterpillars of 
Apamea secalis. 

The soil was a light sand, the tilth very loose, and the uninjured 
wheat plants were not tillering or forming secondary roots. Apart from 
insect attacks the wheat plants were very poor. This field had been down 
to red clover and rye grass the previous year and was ploughed up in 
October and sown with wheat. In March the wheat was ploughed up and 
the field resown with barley. When the barley was examined on 16 April, 
no damage from A, secalis could be found. The neighbouring field also 
adjoining the strip of trees and grasses contained winter barley; here 
some of the plants had been killed by the larvae of A, secalis, but the 
damage was not serious. 

Caterpillars were also found attacking wheat in a field about a quarter 
of a mile away. Subsequently a number of fields were examined but 
generally only a few caterpillars were found. On 21 March, however, 
Dr Bates recorded on light land at West Acre (west Norfolk) a complete 
failure of wheat due to a combination of an attack by larvae of A. secalis 
and drought conditions. On 15 March 1935, Mr A. W. Punter, the 
Assistant Agricultural Organizer for East Suffolk, sent caterpillars of 
A, secalis from a wheat field at Somerleyton, Nr. Lowestoft, and stated 
that the larvae, had nearly ruined the crop on a 12-acre field. 
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The injury in every case was similar to that described by Ormerod; 
the caterpillar was generally to be found feeding at the base of the 
central shoot, which was sometimes eaten away, leaving only the 
sheathing leaves ; in the later stages of the attack the sheathing leaves 
were also eaten and the whole plant destroyed. 

Caterpillars brought back to the laboratory fed voraciously when 
caged with young wheat plants. They crawled up the plants and entered 
between the sheathing leaves and the central shoot; then they moved 
down the plant to a position near soil-level where they began to feed. 
Eventually plants were eaten through about J in. above ground level. 
Four larvae caged on 20 March had eaten off fourteen wheat plants by 
27 March. Moths were bred out early in July, and on the night of 22 July 
moths were taken at light traps set in a drove near the badly attacked 
wheat field at Shernborne. The above attacks occurred on wheat taken 
after a ley. 

Grasses are the normal hosts of this caterpillar, and it seems probable 
that eggs are laid in the ley before ploughing and that the caterpillars 
feed on the grasses before attacking the wheat. Rostrop & Thomsen (6) 
record several severe attacks by this pest on rye and barley, and they 
noted that the damage was generally more severe where fields adjoined 
grassy droves. They also record damage by young larvae in the autumn 
and injury to the developing ears of barley in the summer. Meyrick(3) 
under the name Hadena didynui Esp. gives its habitat *‘in stems of 
grasses, September- May 

The caterpillar varies in general body colour from pale yellowish 
green to olive green. The head and prothoracic plate are brown, and there 
is a brown dorsal plate on the last abdominal segment. The middorsal 
line of the larva is of the general body colour, on either side is a wide 
irregular brown line broken at the segmental margins, below this and 
just above the spiracles is a fainter line of the same colour; this appears 
only as brown pigmented areas in some specimens. The spiracles are 
well-marked black rings, and the crochets of the prolegs are of the 
uni-ordinal mesoseries. 


Summary 

An account is given of damage to winter cereals by larvae of the 
Common Rustic Moth {Apamea secalis L.). 
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L Introductory 

The object of the present paper is to describe and place on record an 
unusual type of damage due to the larvae of Apamea secalis L. For the 
sake of completeness, it has been thought desirable to give a brief account 
of the insect, its distribution, life history and economic importance. 

The senior author is responsible for the more purely entomological 
sections; the junior for the Irish observations and the first association 
of this peculiar type of panicle injury with the larvae of this insect. 

Description of moth and caterpillar. The moth, Apatnea (Hadena, 
Trachea) secalis L. (didyma Esp.; oculea Guen.) or the Common Rustic, 
belongs to the family Noctuidae. It is exceedingly variable in colour 
and several colour forms have been named. The fore- wings may be 
blackish or brownish with a white reniform mark, or brownish with a 
darker central band, or reddish ochreous with the front marginal area 
reddish brown and the outer margin bordered with the same colour. 
The hind wings are fuscous. A specimen reared from a larva causing the 
unusual type of damage at Harpenden, Herts, in 1935 is illustrated on 
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PI. XXX, fig. 1. The expanse of the wings is slightly more than 1 in. 
(28-36 mm.). 

The oaterpiliar is green with three reddish lines on the back. The head 
and plate on the first ring are pale brown, as is also the plate on the 
last ring. 

Geographical distribiUion. This insect is common everywhere in the 
British Isles, and abroad it is found eastwards as far as western China 
and Japan. 

Life history y host plants and usual type of damage. The moth is on the 
wing in July, August and September, and there is one generation during 
the year. The caterpillars are to be found from September until the 
following April and May. Pupation takes place in late April, May and 
June below ground. 

The caterpillars feed in the stems of many grasses (especially Festuca, 
Daetylis and Poa annua) and on wood-rush, Luzula (Juncaceae). 

The usual type of damage is the destruction of the shoots of the grass 
owing to the habit of the larvae of feeding inside the sheaths. 

Economic importance. This species has been recorded as a pest of 
cereals,^ especially rye, in the following countries; the British Isles, 
Holland, Germany, Denmark, Norway, Bulgaria, Russia and Japan. In 
all these cases the damage apparently has been the destruction of the 
stems between the months of October and early June. Shtchegolev(3) 
states that the eggs were found in chains at the beginning of September 
near the leaf sheath. In captivity the caterpillars hatched in about a 
week. The immature larvae were found within the stems as late as June, 
and the portion of the plant above the point of attack withered. He also 
states that the pupal stage occurs in the surface soil and lasts between 
20 and 28 days. The first pupa was found in this case on 21 June. 
Pittioni(2) includes this moth in a list of noctuid pests found feeding on 
honeydew in Germany. 

II. Unusual type op damage to panicles 

Description, The result of this particular type of damage is that the 
heads of the grass have a “moth-eaten” appearance (PI. XXX, fig. 2). 
Oviposition has not been observed by us, but it appears that eggs must 
be deposited within the sheath of the flowering shoot at a relatively early 
stage of its rapid vernal development. The larva was repeatedly found 
during April and May 1926 feeding within the sheath upon the soft 
young panicle, its attention being confined at this stage to the florets, 
^ S6« F. R. Petherl»ridge and 1. Thomas, Ann, appl, Biol, 1936, xxm, p. 649. 
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the rachis not being bitten. In no case was more than one larva found 
in one sheath. When the flower head “shot”, the larva allowed itself in 
a few instances to be carried thereby out of the sheath, but in the large 
majority of cases it remained in the sheath when the head shot and 



(fl) {b) 

Text-fig. 1. (a) Showing point of last meal by the caterpillar before 
departure from stem; (6) showing exit hole of larva. 

proceeded to make its way downwards to the uppermost node. In a 
number of oases this journey was observed to take several days, and the 
larva could be found resting at a point about half-way down the sheath. 
Arrived at the base of the sheath, the larva took a final meal by eating 
through the soft basal portion of the culm and then emerged by piercing 
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the sheath at a point immediately above the node (Text-fig. 1 a and h). 
Pupae were collected from the soil about the bases of injured plants, and 
these were bred out along with pupae from larvae collected in leaf 
sheaths; the mature moths obtained proved in all cases to be Apamea 
secalis. 

The panicle was never found entirely denuded of florets, but the 
immediate result of the severing of the culm was the death of the whole 
head with any uninjured florets which might remain. 

Occurrence in Northern Ireland. Isolated instances of the peculiar 
form of damage described were noted in Northern Ireland during the 
years 1922-5, but no investigation was made until 1926. In that year 
the incidence on wild grasses was much heavier than normal. So far as 
could be observed, the attack was confined to wild wayside and waste 
land grasses or, alternatively, to small clumps aud patches in cultivated 
gardens, and it was noticeable that grasses growing in sheltered positions 
(often in partial shade from trees) were most commonly injured. Damage 
of the kind described was noted upon Alopecurus pratensis ^ Anthoxanthum 
odoratum and Dactylis glomerata. This probably does not indicate special 
preference on the part of Apamea so much as convenience, these three 
species being available at the season required. Anthoxanthum, in this 
area, is the first wild grass to flower and usually does so towards the 
end of March. Isolated heads of Alopecurus may be found during the 
first week of April, and this species is at its peak florescence about the 
middle of May. Cocksfoot is usually next in order of flowering, but only 
a few heads appear during May. As between Anthoxanthum and 
Alopecurus there may well be some preference for the latter in view of 
the bitter taste of AnthoxarUhum\ certainly in Northern Ireland Alope- 
curus is much more attacked than any other species. In the years 
1927-34 scattered instances were to be found each spring, but in none 
of these.seasons was the attack as heavy as that of 1926 when it was 
estimated that 1 per cent, of wild Alopecurus plants in the Jordanstown 
district of South Antrim were damaged. 

English occurrence. On 12 May 1936, a few flowering culms of meadow 
foxtail growing at Harpenden were opened by R. F. Barnes in an attempt 
to find the caterpillars. The flower heads at this time were still mostly 
enclosed in the leaf sheaths. Several caterpillars were found, one per 
culm, and in each case the developing panicles showed signs of damage. 
Unfortunately only in one case was the caterpillar extracted without 
injury. This individual was reared by feeding it on developing panicles 
extracted from grass culms. On 5 June it buried itself in soil and formed 
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an earthen cocoon. The caterpillar was observed to be still quite active 
within the cocoon on 8 June. On 15 July the adult Apamea seoalis 
emerged. 

This type of injury to the panicles was quite noticeable on parts of 
Harpenden Common in 1936 as soon as the foxtail heads appeared. 
Whether this particular type of damage only occurs in certain seasons 
and in such years replaces to some extent the more usual type of 
injury, or whether it normally occurs and supplements the usual dying 
off of the stems is an open question. 

Mention should be made of the fact that similar damage to the 
panicles of Timothy grass (Pkleum pratenae) is caused by the larvae of 
the flies Amauroaoma fldvipea and A, armillatum. For an illustration 
of this injury reference may be made to a figure published by R. S. 
MacDoug^(i). 

III. Summary 

A brief description of the moth and caterpillar stages of Apamea 
(Trachea) aecaUa L. is given, as well as notes on its geographical distri* 
bution, life history, host plants and economic importance. The normal 
damage is the withering and death of the stems of the grasses owing to 
the caterpillars feeding within the sheaths. 

An unusual type of damage is described and figured. This consists 
of the destruction of the flowering culms and head, exceedingly similar 
to that caused by the larvae of Amauroaoma jlavipea and A, armillatum. 
This damage has been observed over a number of years in Northern 
Ireland, and in 1935 at Harpenden, Hertfordshire. 
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EXPLANATION OF PLATE XXX 

Fig. 1. Apamea seoalis L. 

Fig. 2. One healthy flower head of Meadow Foxtail gram; three flower heads attacked by 
oaterpillan of A, seoalis. 
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REVIEWS 

The Land Now and To-morrow. By R. 6. Stapledon. Pp. xvii-f 336, 
14 figs, and 2 maps. London: Faber and Faber, Ltd. 1936. 16fi. 

To write any adequate review of this stimulating but highly oontroveraial book 
would require a volume almost equally large, for The Land Now and To-morrow is 
not only the outcome of fervent enthusiasm, wide knowled^ and great experience 
but really contains a lifetime's philosophy. So widely ranging is it in its scope, so 
many di^ms does it contain and so much ardent idealism that, although amply 
documented by technical argument and data, it leaves one rather breatUess and 
bewildered. Everyone who reads the book will probably feel strongly that something 
must be done, and that quickly, but many may also feel that the situation is so 
complex and involves so many divergent policies and vested interests, that there 
remains considerable doubt as to the best point at which to break practically into the 
rapidly revolving and vicious circles which have made the land now and seem already 
to have oommitt^ it for to-morrow. 

In the first three chapters the author considers the agricultural background, 
stating his case in general terms which he summarizes in “A Wami^ and a Request 
to the Reader ” as follows the logical sequence is to deal first with land improve- 
ment and reclamation. The nature and extent of the rural facilities that should be 
provided must largely be determined by the scale of productiveness to which the land 
in different regions can be brought — and therefore treatment of this subject must 
follow after land improvement. The human aspects of my argument — ^landmindedness 
and urban recreation — will then be dealt with more fully.** In the foUowing six 
chapters the author, accordingly, deals with the resources of the land and, in eight 
further chapters, with finsmc^, technical and social methods of land re<^mation 
and improvement. These chapters contain the solid technical and scientific premisses 
upon which Prof, Stapledous further argument depends. In the succeeding five 
chapters the more human problems are considered and, although the author gives 
rein to his idealism and dreams his dreams, he remains constantly awake to reality 
and keeps his feet firmly planted on the land. 

In Chap, xxin Prof. Stapledon describes one of his dreams, “My National Park ”, 
in some detail. “I propose to assume that I have been asked to organize a municipal 
(national) park on an area of about 150,000 acres, and that 1 have been mven the 
necessary authority and power to select and purchase a suitable block of country 
anywhere I like in Wales. I wUl now briefly describe the park as I have envisaged it.*’ 
It is a splendid dream and one can not only hope that it may come true but give 
active support to any steps taken to make it come true. Of the following two chapters 
the first states the nei^ for an all-embracing survey and enquiry, and the second which, 
from certain points of view, is one of the most interesting in the book, discusses 
education and research. The last chapter, containing “Further and Final Pl^oposalB**, 
suggests the setting up of an additional State Dep^ment, a “Ministry of Lands”, 
the main resTOnsibility of which would be “plannii^for posterity*’. One wishes that 
Prof. Stapledon might become the first Mimster. Ine oonoludi^ paragraph of this 
chapter so well expresses the aims of the book and the ideals of its author that it 
may, perhaps, be quoted in full. 

“I have brought together a large mass of facts; I have expressed many opinions, 
and made a number of concrete proposals. As I have said before, not one of my 
proposals is in essence new, and yet in the aggregate they perhaps suggest ^sibilities 
of a new and happier England. An England which I fear to many can only be pictured 
as a figment of ^ imagination, as something that can be dreamed of per^ps but 
never made a reality. I am not sure, for the country as a whole is more land oonsoious 
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than it has been for many a lo^ day. If my book only enoouragee further dreami^ 
and imagining about the land it will have more than served its purpose^ for deep in 
the inner reoesses of man's suboonsoious mind lies the indelible impression of the 
land — a heritage which, by sreatly dreaming and greatly imagining, could be galvanized 
into a mighty power, capable of strengthening the conscious endeavours of mankind 
and directing them along paths leading to creative achievement in the spheres of 
individual happiness, personal health and social justice." 

The book opens with a synoptic contents, closes with an interesting bibliography 
and a good index and, in a folder, contains two fascinating maps of ‘'My National 
Park". The photographic illustrations are beautiful, and the format of the book 
reflects great credit on the publishers. 

Perlmps few people who read Prof. Stapledon's book will agree with all his ideas 
and sugg^ions, but none will have any doubt of its importance and, after twice 
reading the book, my own opinion is that it is one of the most fecund and outstanding 
works of our time. It is really a work on scientific and agricultural sociology, and 
whilst there are plenty of scientists who can produce useful technical books on 
agriculture, and plenty of economists and politiciuis who can write idealistically of 
society and the land, there are very few men indeed who possess scientific knowledge 
and social vision based on a humane and fundamental sanity, who love the land and 
are at one with it, who can dream great dreams and who are lit with that flame of 
enthusiasm which is the genesis of great causes. Details of Prof. Stapledon's work 
may and probably will need to be revised in the light of further knowledge and 
experience; that does not matter. What does matter is that of his knowledge and 
vision has come a light giving meaning and direction to the blind gropings of our 
scientific, agricultural and social policies. Prof. Stapledon has something of the 
quality of a twentieth* century Peter preaching a modem crusade to a scientific 
Jerusalem in England's green and pleasant land. It is a peat emprise, and its success 
will depend not on academic agreement but on practical support. 

WILLIAM B. BRIERLEY. 


Oenetics, By H. S. Jennings. Pp. 351, figs. 70. London: Faber and 
Faber, Ltd. 1935. 15^. 

Prof. Jennings is known not only as a distinguished academic teacher and resecurch 
worker in zoology but as the author of a number of volumes which have deservedly 
earned a high reputation in the popularization of biological science. To simplify 
current scientific knowledge so that it becomes intelligible to the educated lay reader 
without oversimplifying and so falsifying it is a very difficult task requiring a clarity 
of mind and gifts of exposition and illustration such as few professional biologists 
possess. Prof. Jennings has been conspicuously successful in this regard, but the 
present volume is not quite up to his standard. 

The author describes his b^k as *‘an attempt to present the fundamental features 
of genetics: those features of which every educated person should have knowledge". 
One expects, therefore, a wide and judicial survey of the fundamental principles of 
genetics, with a balanced consideration of their relationships and implications, and 
the creation of a perspective in which the relative importance and scientific and 
human values of these features would show hierarchical ordering. 

The science has made startling progress in the last three decades and is now capable 
of a certain tectonic formulation, but it is still in a semi-fluid condition and quite 
incapable of crystallization in forms having sharp edges and outlines. A reading of 
this 1[x)ok, however, tends to leave the impression on one's mind of a finished scheme, 
a neat theoretical and self-consistent structure into which fundamental facts may be 
fitted like elements in the Periodic Table. In reality, geneticists are faced with a 
great mass of data which as yet cannot be explained. 

Further, genetics sim^y oumot be considered from either a zoological or a 
botanical viewpoint only, for it is essentially biological. The author's treatment of his 
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subject, however, is essentially soologioal, and this leads to a somewhat distorted 
perspective giving a false balance of values. Plants, of course, are mentioned but 
receive scant grace. Polyploidy, for examj^ which is primair amongst the funda- 
mental features of the mnetios of plants, receives entir^ inadequate consideration, 
and even then, one of ^ examples nven is incorrect. This lack of balance due to a 
too narrow viewpoint is shown in Chap, n on **The Genetic System: its History 
during the Life of the Individual and in the Production of the Next Generation/’ 
Botanical research left this account of the senetio system behind a quarter of a century 
ago, and the system as described is not on^ at variance with modem data but renders 
unintellimble a good many results of practical plant breeding. 

Further, the previous writings of Prof. Jennings have shown him to be very 
critical of the propagandist claims of the more unbalanced and vehement eusenists 
but, on pp. 281 and 282 for example, in his consideration of human herecmy, he 
himself lapses rather badly from 1^ scientifio attitude and makes statements for 
which there is little or no scientific justification. Our rapidly increasing knowledge 
of the effect of partial or insufficient nutrition on human development and boduy 
and mental charaoteriKation foreshadows plainly the need for a very considerable 
revision of our ideas on certain fundament^ features of human heredify and makes 
the author’s treatment of this subject seem rather dangerously simple and far too 
definitive. 

Of course, as one would expect, the book as a whole consists of well-seleoted and 
logically ordered material, lucidly explained in clear and simple language, and 
admirably illustrated by apt text-figura and diagrams. One’s criticisms are of a 
general nature, are perhaps indicative of one’s own personal point of view and made 
only because a volume on genetics by Prof. Jennings is a work to be taken seriously. 
As a book on this subject it far outclasses most other volumes of a similar type. 

WILLIAM B. BRIERLEY. 


HeredUy and Evolution. By A. E. Watkins. Pp. viii+243, pistes 2, 
figs. 36. London: John Murray. 1936. 7s. fid. 

In his preface the author says, ’^In this book, the principles of genetical science, 
their scope and the evidence on which they rest have been diacusfied; the beckring of 
these principles on the theory of evolution being kept in view throughout”, and the 
book is a good introduction to the modem study of genetics in relation to problems 
of evolution. The contents follow the usual sequence of Mendelism, variation, cell 
division, sex determination, linkage, chromosome variation, mutation, selection, 
species, conclusion, and examples are taken from well-known animals or plants 
according to which is the better illustration in any particular case. Each chapter 
oloaes with a minimum list of references and, at the end of the book, are a short 
bibliography of general works in English, a glossary and an index. 

Considering that the author hu not shirked the discussion of current and 
technicidly olMCure problems, his book is an interesting, up-to-date and, in many 
ways, successful presentation. Occasionally, in the text, the langua g e is not entirely 
clear, and the actual arrangement of tlm suHect-matter within the chapters is, 
perhaps, not always the most straightforward. On the whole, however, the author is 
to be congratulate on the production of a well-balanced introduction to a difficult 
subject, and his book is one that should have a wide appeal not only to university 
students but to educated adults who wish to know of the progress that is being made 
in this impMtant field. WILLIAM B. BBUSRLET. 


Plant Biochemistry. By W. E. Tottingham. Pp. v+2I9. Minneapolis : 
Bnrgess Publishing Co. 1934. |4.26. 

KnoTiledge of the physiol^ and bioohemistiy of plant, adranoed rapidly during 
tile past 30 yean antC eapeoiuy daring the laat deoMe, reached a oondithm when 
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text- book formulation became not only possible but very necessary. The result has 
been almost a spate of text-books on the subject and, whereas pre-war students were 
dependent almost entirely on Pfeffer, Jest and Czapek, students to-day are almost 
bewildered by the choice available. In spite of this the present work is a valuable 
and welcome addition to this literature. In his preface the author states, that 
Recourse is taken to mimeographed form as a means of determining whether or not 
the material here presented merits more permanent treatment’', and he may rest 
assured that most l^tanists will think that it does. The book has grown out of a course 
of lectures given by Dr Tottingham during the last 25 years in the Department of 
Agricultural Chemistry of the University of Wisconsin, so that the author has had 
ample opportunity to prune and mould his material and to decide on an adequate 
ana successful mode of presentation. '' 

Following a brief general introduction, the author discusses the materials of 
metabolism and then proceeds to the photosynthesis and metalK>lism of carbo- 
hydrates, fat metabolism, and the metabolism of nitrogen compounds. He then 
considers the physicochemical relations of the plant cell, which leads to discussions 
of the nature and function of enzymes and the chemical aspects of respiration. 
A chapter follows on salt nutrition and the book closes with a discussion of climatic 
effects in metabolism. It is all good, straightforward material, clearly and concisely 
put together, with pages full of C, H, O and N in all the numerical and structural 
arrangements beloved of biochemists, and with an abundance of diagrams and tables 
to illustrate the text. As befits an author coming from the agricultural side, the 
examples throughout t he book are mostly taken from plants of economic importance, 
agricultural or horticultural. The author’s treatment of his subject is hard and 
technical ; it is essentially a resean'h presentation with an assumption of considerable 
physiological and biochemical knowledge on the part of the reader. Anyone, however, 
who can read Chap, ir on “The Materials of Metabolism” with understanding will 
find no difficulty with the remainder of the work. Literature citations, some of the 
year 1934, are introduced freely into the text, and at the end of each^chapter is a 
short list of books of reference. 

The volume opens with a detailed table of contents, but there is no index, which 
is a very serious lack: author and subject indices would have added enormously to 
its value, and it is greatly to be hop^ that if, as is desirable, the work assumes 
a more permanent form, these will be added and the references collected in a terminal 
bibliography. 

The lKK)k is a noteworthy contribution to the literature of the vast borderland 
between chemistry and botany, bringing together and marshalling in orderly array 
a wealth of data and experience of the chemical processes of plant life. 

WILLIAM B. BRIEELEY. 


Aliments de chimie v^itaU, By N. Wattiez and F. Sternon, Pp. 729, 
figs. 62. Paris: Masson et Cie. 1935. Fr. 100. 

There has long been need for an up-to-date treatise on plant chemistry, a volume 
of convenient size, well arranged and with some degree of detail, and containing good 
bibliographies to give one access to the literature on special problems. The present 
book meets this need admirably. 

Following a preface by Prof. E. Marohal, and a short introduction, the first chapter 
generally introduces the subject in a brief consideration of the plant cell. Chap, n is 
concerned with the methods iised in plant chemistry. Chap, in with their application 
in the anal^is of elaborated materiEkls, and Chap, iv, which is the remaining three- 
quarters oi the book, with the descriptive study of the elaborated materials. The 
volume closes with a good index and a table of contents. Each chapter is divided into 
numerous sections, at the end of which are extensive lists of references, some of which 
are marred by misprints. 

Ann. Biol, ixtn 
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The book impresses one as an excellent piece of work, it is written in clear and 
concise language and, as a reference text, will be of considerable vidue to botanists. 

WILLIAM B. BRIERLEY. 


An Annotated Bibliography of the Low Temperature Relations of Plants, 
By R. B. Harvey. Pp. ii -f 223. Minneapolis : Burgess Publishing Co. 
1935. $4-00. 

The importance of research on the low-temperature relations of plants is in- 
creasingly being recognized, partly because of the light it is throwing on fundamental 
processes in normal physiology and in diseased conditions and, partly, because of its 
enormous practical value in relation to the storage and transport of food. Botanical 
interest in low- temperature relations is, of course, of long standing, Goeppert, Sachs, 
Pfeffer, Sorauer and other great nineteenth-century physiologists la3dng enduring 
foundations. During the past two decades, however, there has been a great con- 
centration of attention upon these problems, and the literature of the subject, written 
in numerous languages and widely scattered in ah kinds of scientific journals, has 
become unwieldy, ftof. Harvey and his associates have spent many years studying, 
translating, checking and indexing this literature and have now made their labors 
conveniently available to others in this volume. 

In all, there are 3412 citations, which include publications up to th(‘ year 1934, 
and these are numbered and arranged alphabetically by authors. The titles in 
languages other than English are given in the original language and in translation 
and, if the title is not self-descriptive, the nature of the contents is briefly indicated. 
In addition to the immediate field of plant relations, citations are included on the 
low-temperature relations of animals when these are helpful in elucidating similar 
relations in plants. The work closes with an excellent subject index. 

Only those who have had experience in compiling a large bibliography from 
scatter^ sources will appreciate the devoted labour and scientific acumen required 
to produce such a work as this. Such bibliographical research, for it is research of 
a valuable kind, is uigently needed in many fields of biology, and the author may rest 
assured in his hope that “this bibliography. . .will so encourage interest in and study 
of the subject that the research phases may be more quickly advanced’’. To phj^io- 
logists and pathologists the work is invaluable. 

The book is produced in mimeographed form on one side of the page only, which 
is very useful, in that current references may be inserted on the bla^ side. It is 
bound in a green fabroid cover and, as the Burgees Publishing Co. is issuing a series 
of books in this style, one might suggest that the author or abbreviated title be 
indicated on the back so that any particular volume may be identified without re- 
moval of the entire series from the bookshelves. 

WILLIAM B. BRIERLEY. 


Weeds. By W. C. Muenscher. Pp, xvii+ 677, 123 figs. New York: The 
Macmillan Co. 1936. 26*. 

The study of weeds occupies an important place in the agricultural and horti> 
cultural curriculum, and the present volume is a very welcome addition to the 
literature of the subject. The contents are divided into two portions. Part 1, 90 pages, 
contains four chapters dealing respectively with the dissemination and importance 
of weeds, weeds of special habitats, the control of weeds, and chemical weed control. 
The first 36 pages of Fart II contain a key to the groups and species of weeds, and the 
remaining 400 pages contain descriptions and illuirtrations of weeds arranged according 
to &mily. The nook closes with a Glossa^, a page of Ready Reference l&ta, 11 pages 
of Literature References and 25 pages of douDle-oolumn Index. 
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Part I ifl extremely well done, oonciee, clear and accurate, and it not only aum- 
marizee the literature but contains the results of much first-hand observation and 
experiment. By the skilful use of tables the author manages to pack into it an 
enormous amount of information. 

In Part II, the 600 species described are, of course, to some extent, a somewhat 
arbitrary and personal selection from the weed flora of the northern United States 
and Canada. So far as the key has been tested it enables one to run down the species 
successfully, and it is well and clearly arranged. In the descriptive portion the weeds 
are arranged in alphabetical order under their scientific names by families, and 
83 monym 8 are included. For each weed data are given concerning nomenclature, 
duration, reproduction, dissemination, habitat, range, source, recognition and control, 
particular emphasis being laid on identification and control. The descriptions are 
concise yet entirely adequate. A notable feature of the book is the 123 pages of text 
illustrations which consist of line drawings of weed plants usually including roots, 
with further floral structure, fruit and se^. These drawings are unusually b^utiful 
and were made from the plants by Mrs Helen Hill Craig. The Glossary is serviceable, 
the Bibliography whilst not complete is a useful compilation, and the Index is well 
prepared. 

The book is very well printed and produced and seems to be free from errors 
and misprints. Altogether it is a noteworthy addition to the literature of weeds and, 
whilst primarily written for North American students, it is a volume that should be 
in every botanical, horticultural and agricultural library. 

WILLIAM B. BRIERLEY. 


Ugressfre (Unkrautsamen: Weed Seeds), By Emil Korsmo. Pp. 175, 
with 34 plates. Oslo: Gyldendal Norsk. (London: Williams and 
Norgate Ltd.) 1935. 425. 

Prof. Emil Korsmo of Oslo is recognized by all agricultural botanists as one of 
the foremost authorities on weeds. He has probably done more to place their study on 
a scientific basis than any other living person, and his b<x>k Unkrduter im Ackerbau 
der Neuzeit, published in 1930, is a landmark in the subject. He has now placed 
botanists still further in his debt by the publication of the present magnificent volume 
on Weed Seeds. 

The fruits, and more especially the seeds of plants, are neglected aspects of study 
and, at need, it is often difficult to find exact descriptions and illustrations, or 
adequate collections which one may consult. For some 300 8j>ecie8 of weed plants, 
principally those distributed in Aincrica, and Europe north of the Mediterranean 
rt'gions, the author has now removed this disability. The weed flora of Europe and 
America contains a great number of species, and the term “weed”, itself, does not 
connote any exact type of plant. The author has, therefore, had to select and has 
mainly concentrated on species the seeds of which are found frequently as impurities 
in seed material, esjx^cially in various species of grains, grasses and legumes. 

Prof. Korsmo has, rather astonishingly, arranged his material in ecological groups 
according to the life forms of the plants. It is diflBouIt to see the reason for this as 
it has no bearing on the af)|x*arancc, shajie and structure of fruits and seeds, and it 
results in the irregular dispersal of species of one family throughout the book. Thus 
Polygonum species are illustrated on Plates I, XXII and XXIX, Rnnuncufus species 
on Plates X, XX, XXTII, XXVIT and XXVIII; Rumex acetoaa is figur^ on 
Plate XXIX and Rumex acetosella on Plate XXXIV and, on the latter plate, there 
are, in addition, EpUobiumangustifolium, Hypericum perforalum, Euphor^ cyportariaa, 
E. esuia^ Conv^mUtut arvenais, Roripa sifveMria, Lepidium draba and Linaria vulgaris. 
As this book will be almost entirely used for the description and identification of 
fruits and seeds, a B 3 r 8 tematio arrangement by families, genera and species would 
have been much more practical and usefid. 
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The desoriptions are giv^ in Norwegian* German and English* arranged in 
parallel oolomns under the heading of the speoioa and family. Details are inoluded of 
the infniotesoenoe and fmit of each species* the appearance* size and weight of the 
seed* the distribution of the weed and the way it is spread through the sale of seed 
material* and a lettered explanation of the illustration. These deaorijptions are* in 
most oases* models of clarity and condensation* and excellent use is made of standardized 
abbreviations. 

The main feature of the book is of course the 34 coloured plates* each containing 
nine species* and showing the infructesoenoe and fruit* the seed in two planes* 
transverse and longitudinal sections of the seed* and the seed natural size. These 
plates can only be praised: they are clear and accurate* giving one exactly what one 
needs* and the colour reproduction is so good that their perusal is a real delight. 

At the end of the book there is an Index of desoriptions and illustrations* arranged 


oies of the plant* and this is combined 
I in parallel columns in American* Danish* 


alphabetically according to the genus and sj] 
with the popular names of the weed arrang 

English* French* Dutch* Italian, CanfiSian, Norwegian* Russian* Swedish and 
German. This is a very useful feature and should help to standardize the cheerful 
diversity of popular nomenclature. 

The volume is beautifully produced* its publication being made poraible through 
financial support by the Norwegian Government* and it is a book which should be 
available in every botanical* agricultural and horticultural department. Botanists 
throughout the \%orld will be grateful for the author's labours and take joy in the 
foot that they have found so worthy a setting. WILLIAM B. BRIEELEY. 


British Stem- and Leaf-Fungi (Coeolomycetes), Vol. i. Sphaeropsidales, 
By W. B. Grove. Pp. xx-f488, with 31 text-figures. Cambridge: 
University Press. 1935. 21^. 

It is 64 years since M. C. CJooke in his Handbook of British Fyngi enumerated some 
200 species of what are now classed as Coeolomyoetes and* although many of these 
fungi are of primary economic importance and have received a great deal of attention 
there has* in this country* been published no systematic treatise devoted to them. 
This is not because the necessity for such a work has been unrecognized but, simply* 
that these fungi are so difficult to determine and classify that only Mr Grove would 
have the patience and courage to attempt it. Vol. i of his long and eagerly awaited 
work has now appeared and it amply fulfils expectations. The present book includes 
all those British forms of the Sphaerioideae which have colourless or nearly colourless 
spores* i.e. the Hyolosporae, Hyalodidymoe* Hyalophragmiae and the Soolecosporao* 
dealing with some 50 genera among which are included such economically important 
assemblages as Phyllosticta, Phoma, Phomopsis, Cytospora, Ascochyta, and Beploria. 
The remaining Sphaerioideae, i.e. the Phaeosporae, Phaeodidymae* Phaeophragmiae 
and Dictyosporae* the other sections of the Order Sphaeropsidales* i.e. the Nectrioideae* 
Excipulaceae and the Leptostromataceae and the other Order within the Coeolo- 
myoetes* i.e. the Melanconiales* will occupy Vol. n. 

The author has examined microscopically nearly all the species he describee and* 
where this is not the case* the fact is noted. No cultural and few pathological details 
are given* for Mr Grove is a myoological ^tematist of the old school and his diagnoses 
are purely morphological. The author* of course* recognizes the difficulties in a strict 
adherence to this point of view which compels him to rely for many of his specific 
definitions upon a nost difference. Of this he remarks: “On the whole* the evidence 
available in the field tends to show that two allied fungi growing upon two different 
hosts may themselves be equally different. Therefore* gener^y* in these pages 
the host will be made the supreme test.*' It is a test which* however* he uses imh 
discretion and he does not regard his lists of presumed species in many genera as 
an 3 d)hing more than an interim catalogue of tne known and described forms. The 
species ^ the larger genera are arranged on the basis of the host genera in alphabetical 
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order, and described species have not been united unless, in Mr Grove’s judgment, 
convincing evidence is available. Following the diagnosis of each species are the 
author’s critical comments, and these are often exceedingly interesting, since the 
rather dry and classical humour of Mr Grove is not entirely suppressed. Concerning 
the excluded genus Polyopeua'* on p. 162, for example, the author remarks: “The 
Petripatellist ought to correlate his museum of freaks with previously known species, 
before induing in such a futile orgy of nomenclature.” The word “Petripatellist”, 
coined by Mr Grove, is rather good. 

After the diagnostic consideration there is an Addendum containing a list of 
species of the discredited genus Phlyctaena^ which are merely B spores of the genus 
Phomopsia, and Latin diagnoses of 24 new species described in this volume. The book 
closes with an Index of Hosts and the genera of fungi found upon them, and an Index 
of Binomial Names. There are 31 text-figures. 

The book is a work of first-class systematic importance, worthy of the author of 
The British Rust Fungi^ and it wiU long remain the standard authority on the subject. 

WILLIAM B. BRIERLEY. 


Manual of the Orasses of the United States, By A. S. Hitchcock. Pp. 1040, 
figs. 1696. Washington; U.S. Government Printing Office. 1935. 

$1-75. 

Dr Hitchcock’s studies in agrostolo^ have justly earned their international 
reputation, and the author’s lamented d^th soon after this book appeared is an 
irreparable loss. P’ortunately his work was done and it stands as a splendid memorial 
of a great man. That a volume of this magnitude should be without a “Preface” is 
some indication of the author’s modesty and scientific detachment, but those who had 
the privily of meeting Dr Hitchcock will remember his scientific dominance and his 
warm humanity. The book ojKuis with the sentence “Gf all the plants of the earth 
the grasses are of the greatest use to the human race”, and, although much of the 
author’s life was spent in the most desiccated of systematic study, human values were 
always in the forefront of his mind. 

The first 15 pages are an admirably clear and concise introduction to the uses, 
distribution, morphology, classification and nomenclature of grasses: not a word is 
w'osted. The next 14 pages contain a characterization of the Gramineae, descriptions 
of the subfamilies and keys to the tribe's, and descriptions of the tribes and keys to 
the genera. The main petition of the book, 743 pages, contains descriptions of genera 
and species with keys to the latter. There follow 207 pages of synonymy and a few 
iMiges containing notes of unidentified names and notes on persons for whom grasses 
have been nam^. The volume closes with a useful glossary and a first-class index. 

The manual contains descriptions of all grasses known to grow in the continental 
United States and in Alaska. It includes 159 numbort'd genera and 1100 numbered 
species and, in addition, inserted without numbers and excluded from the keys, 
many unestablished species. A magnificent feature of the book are the illustrations, 
which cover nearly all the species and were drawn by Mary Wright Gill, Kdna May 
Whitethorn and Agnes Chase. In every case the specimen from w hich the drawing 
was made is cited. 

No criticism can be made of this book. It is the work of one who, in ite writing, 
was the greatest living agrostologist, and to its making went knowledge and experience 
which were unique. One can only be thankful for his labours and glad that he saw 
their completion. The low price of the volume is phenomenal, and one can but be 
grateful for the wisdom of the United States Department of Agriculture in placing 
such a work within the reach of all botanists. 


WILLIAM B. BRIERLEY. 
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I. Introduction 

(a) The existence of the causal organism in the soil 
and on the host plant 

It seems to be generally assumed that certain fungi causing root diseases 
of plants are able to survive in the soil in the absence of their hosts by 
living as saprophytes on soil organic matter. Thus it is sometimes sug- 
gested, without proper foundation, that the incorporation of organic 
materials in the soil will necessarily result in the saprophytic multipli- 
cation of such a facultative saprophyte, and hence aggravate the disease 
for which it is responsible. Whilst some parasitic fungi, such as the species 
of Pythium responsible for “damping off” of seedlings, may perhaps be 
able to carry on an active saprophytic existence in the soil, it has 
certainly been too readily assumed that all such fungi can do so. 
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668 Soil Conditions and Tdke-aU Disease of Wheat 

Recent work with Ophiobolus graminisj the cause of the “take-all** 
disease of wheat, suggests that its saprophytic potentialities are confined 
to a power of surviving, to a rather limited extent, on the dead tissues 
of plants which it has killed. Thus the fungus has been shown (40) to be 
actively growing in the soil only in the presence of the living host roots. 
This conclusion is supported by the experience of this investigation, 
during which the fungus has never been found to grow through the soil, 
or indeed to show any activity therein, except along the roots of its 
host plants. The take-all disease thus spreads actively through the soil 
only by root contact, and is thus comparable in some respects to the 
root rots of rubber caused by Fomes lignosus and Oanoderma pseudo- 
ferreum^ the ecology of which is now being worked out by Napper in 
Malaya (54). Again, recent studies by Sanford (50) on potato scab have 
demonstrated that the spread of Actinomyces scabies through the soil is 
negligible. 

The life of Ophiobolus graminis in the soil thus alternates between 
a parasitic or ascendant phase and a saproph}rtic or declining phase. In 
the declining phcuae, the fungus is exposed to competition with the other 
soil micro-organisms. The relation between 0. graminis and the other 
soil inhabitants should thus be regarded from an ecological point of view. 
Ophiobolus is a dominant of its local habitat, the living wheat root. 
After this habitat has been opened up, however, the initial colonizer is 
replaced by other organisms. There seems to be a regular succession in 
diseased wheat roots: 

Parasite secondary parasites -► saprophytes. 

This succession is frequently revealed by the culture plate, and 
explains the difficulty experienced by workers on cereal foot rots in 
isolating the causal agent from a root not in the earliest stages of infec- 
tion. The succession of micro-organisms is not merely a random one. Thus 
in the case of the Rhizoctonia disease of cereals in South Australia (4S), 
whilst roots in the very earliest stages were full of Rhizoctonia mycelium, 
isolations made a week or so later almost invariably gave a preponderating 
percentage of a certain species of Helminthosporium (possibly the Hd- 
minthosporium M. of Henry (24)). Later still, other species appeared in 
the culture plates, Fusarium generally predominating. 

The alternation between these two phases in the life of the fungus is 
of particular interest in connexion with the effect of soil conditions upon 
the disease. It has abeady been shown (87, 17) that Ophiobolus graminis 
is very senidtive to the soil environment. The effect of soil conditions 
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upon the disease will vary, however, according as to whether the fungus 
is in the parasitic or ascendant phase, or in the saprophytic or declining 
phase. In the parasitic phase, spread of the fungus is along the outside 
of the wheat roots (17). A root apparently becomes infected only where 
it comes into contact with a piece of fungus inoculum residual in the soil, 
or with another living root on which the fungus is actively growing. 
Spread of the disease through the soil thus occurs during the growing 
season of the plants by root contact. The rate of spread of the fungus 
along the roots varies widely with the soil conditions, moisture, tem- 
perature, aeration, reaction, etc., and growth may even be inhibited 
altogether. In this case, infection is non-progressive, for the fungus can 
apparently extend only for a few millimetres longitudinally inside the 
roots, if growth along the outside be stopped (Garrett, unpublished). 
This inability of Ophioboltts to spread appreciably inside the wheat root 
thus renders it particularly susceptible to soil conditions. 

In the saprophytic phase, Ophioholus mycelium is subject to decom- 
position by the soil saprophytes (6i, 62). Vegetative fungus mycelium does 
not persist in the soil unchanged ; if it is not actively growing, it must be 
decomposing (58). In this connexion, the long-established practice of 
bare-fallowing the soil for the control of the take-all disease in Australia 
and elsewhere assumes a new significance. It was formerly considered 
that in such periods of bare-fallowing, 0. graminis disappeared from the 
soil merely through the absence of its host plants. It now appears more 
likely that its disappearance is due rather to the actual decomposition 
of its mycelium by the saprophytic fungi and bacteria of the soil micro- 
flora (6i). Moreover, the efficiency of the fallow period in controlling the 
disease is known to be increased by good rainfall, a condition making 
for general microbiological activity in the soil. Thus it is well recognized 
in Australia that a wet fallow is more efiective in ridding the soil of the 
fungus than a dry one. It thus appears that those very conditions which 
at one time encourage the activity of the fungus on the roots of the 
growing crop, viz. adequate soil moisture, good aeration and high tem- 
peratures, may at another time hasten its disappearance in the fallow soil. 

Further light is thrown upon this aspect of the question by results 
which have been obtained by various workers in pot tests with the cereal 
foot-rot fungi. In such experiments large quantities of cultures of the 
fungi on cooked cereals were incorporated as inoculum in the soil of the 
pots, creating conditions ideal for the multiplication of soil saprophytes. 
The rate of decomposition of such organic inoculum in the soil must* 
have varied considerably with soil conditions, especially temperature and 
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moisture. Following upon the work of Henry (26), it was shown by 
Garrett (18) that the discordant conclusions of different investigators as 
to the effect of soil temperature and moisture upon these diseases could 
be reconciled by taking into account this factor of microbiological de- 
composition of the inoculum. Whilst high soil temperature and adequate 
soil moisture might actually increase the activity of the pathogen on 
and in the host plant, these factors would at the same time be working 
in the reverse direction by hastening the decomposition of the pathogen 
inoculum in the soil, and hence decreasing the amount of active 
pathogen. 

The possibility of controlling fungus root rots by the addition of 
organic manure to the soil to encourage the activity of saprophytes 
antagonistic to the parasite is not a new idea. Such a suggestion was 
first put forward by Sanford (49) to account for the control of potato scab 
by green manuring. In 1927, Millard & Taylor(36) showed that the 
control of Actinomyces scabies by green manuring occurred only in the 
presence of the saprophytic species, A, praecox. In 1929, Fellows (16) 
reported that the take-all disease could be controlled by the incorporation 
of organic matter in the soil; he found chicken manure especially effica- 
cious. Of most recent interest in this connexion is the very striking 
control of cotton root rot (Phymatotrichum omnivorum), obtained in 
Arizona by the use of organic manure in field tests, by King d a/.(3i). 
These authors support their hypothesis of microbiological antagonism 
as the mechanism of control, by determinations of soil respiration in 
the manured and unmanured plots, respectively, and by an actual study 
of the soil microfiora in the plots by the Cholodny slide technique. 

The present investigation has thus resolved itself into two parts: 
(i) a study of the effect of soil conditions upon the rate of growth of the 
fungus mycelium along the roots, and (ii) an inquiry into factors affecting 
its decomposition in the fallow soil. Only the ffrst part has so far been 
completed, and it is this which is presented below. 

(b) Soil conditions and the occurrence of the disease 

In South Australia, severe epidemics of the take-all disease are practi- 
cally confined to the light sandy soils of the mallee areas recently cleared 
from the virgin scrub of dwarf Eucalyptus or mallee, as it is known 
locally. Such soils generally overlie limestone, and are decidedly alkaline, 
having a reaction of pH 8-0-9-0, On the heavier clay-loam soils, neutra 
to slightly acid in reaction, the disease is never of serious concern to the 
fanner. 
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Tliat take-all is worst on the lighter soils is in agreement with re- 
ports from Sweden (43), Germany (20, 62), Austria, Czecho-Slovakia and 
Hungary (S9 ), Holland, ^ and Schelswig-Holstein (26). It was also a common- 
place of field experience in South Australia that the disease was favoured 
by lack of soil compaction, and by any treatment which opened up the 
soil, e.g. deep ploughing, ploughing in long stubble, and inadequate 
preparation of the seed-bed. Thus Griffiths (23) remarks: “...during the 
recent period of low rainfall years when, with dry conditions and much 
wind, there has been a considerable drifting of surface soils, it has been 
noticeable that the take-all infestation has not been on hard places from 
which the surface soil has drifted, but on the parts where it has accumu- 
lated, which, although fertile, remain loose and open for a very long 
period”. 

In the second place, these light sandy soils of the mallee areas are 
always alkaline, generally having a pH of 8-0 -f. This, once again, is in 
agreement with reports from elsewhere that the disease is favoured by 
alkaline soils, as observed by Fi8h(i2) in Victoria, by Schafinit & Meyer- 
Hermann(53) in Germany, by Rosen & Elliot(46) and by Kirby(32) in the 
U.S.A., and by Blanchard & Carrera (3) in the Argentine. 

An inverse relation between soil acidity and the incidence of take-all 
on the manurial plots at Woburn has been pointed out by Glynne(i9). 
The well-established custom of spraying with sulphuric acid for the 
control of the disease in France may thus owe its success not only to the 
fungicidal action of the chemical upon fungus mycelium with which it 
comes actually into contact, but also to some effect, temporary at least, 
upon soil reaction. 

Manurial deficiencies of the soil have been suggested by Rosen & 
Elliot (46) as a factor making for greatly increased susceptibility of the 
wheat plant. The influence of superphosphate in reducing the amount 
of take-all was well shown by a disease survey of the manurial plots at 
the Waite Agricultural Research Institute in 1926(44). The same con- 
clusion has been reached by Griffiths (28) as a result of general field 
observation in South Australia. At the same time, superphosphate is 
an acid fertilizer, and the possibility of a transient effect upon soil 
reaction in the neighbourhood of the seed and crown of the plant cannot 
be entirely excluded. 

In the experiments to be described below, the effect of these and 
other soil conditions upon the rate of growth of the fungus along the 
roots has been investigated, in an endeavour to find out to what extent 
^ Private oommimioation by Dr A. J. P. Oort. 
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fluctuations in the severity of the disease may be correlated with the 
activity of the fungus in the soil. 

IL Methods 

The fungus OphicbcliM graminis grows quite well, though somewhat 
sparsely, in pure culture on sterilized soil. A much denser growth may 
be obtained by the addition of glucose and commeal to the latter. On 
unsterilized soil, the fungus makes no growth at all; microscopic examina- 
tion of the fungus inoculum generally reveals no trace of renewed activity. 
Even if commeal be added to the unsterilized soil, this is at once colonized 
by other organisms, and any incipient growth of Ophiobolus quickly 
inhibited. 

It was thus realized that growth of the fungus through natural soils 
could only be investigated by the provision of plant roots as a substrate. 

The method, which has already been described (17), depends upon the 
fact that Ophiobdits graminis can progress only by growth along the 
outside of the wheat root, which is, however, penetrated transversely 
by numerous colourless infection hyphae (microhyphae), given off by 
the dark-coloured runner hyphae (macrohyphae). Since infection hyphae 
are put out immediately behind the apices of the surface-growing runner 
h 3 rphae, the visible extent of the latter may be taken as a measure of 
internal infection. Jf growth along the outside of the root be stopped 
altogether by unfavourable soil conditions, then infection is seldom found 
to proceed for more than a few millimetres longitudinally inside the root. 
It is not yet clear why this is so, since growth of the infection hyphae 
transversely across the root appears to proceed without any difficulty. 

To obtain measurements of the growth rate of the fungus in a number 
of different soils therefore, wheat seeds are planted above agar disks 
(8 mm. in diameter) of the fungus cut out with a eork borer from the 
margin of a colony growing on a potato or carrot agar. The seeds are 
planted with their germ ends in the centre of the inoculum blocks, and 
covered with moist sand. This arrangement insures that on emergence 
the roots grow into the soil through the inoculum blocks. After a variable 
period, the fungus begins to grow down the roots. After some 14-16 days 
at 20® C., all the plants are washed free of soil, and pickled in 70 per cent 
alcohol, for subeequent recording of the growth made by the fungus. 

It is then possible to estimate the rate of growth of the fungus along 
the roots under the different soil conditions tested simply by measuring 
the distenee travelled by the fungus from the point of inoculation at 
the seedp Th^ actual measurements are quickly and easily made under 
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the binocular microscope with 60 x magnification. The root system of 
each plant is floated out in 70 per cent alcohol (the pickling fluid) in a 
Petri dish, and viewed by overhead illumination over a white back- 
ground. The dark-coloured runner h 3 rphae are then easily visible. A root 
is followed down under the microscope until the limit of the runner 
hyphae is observed; it is grasped with forceps at that point, and the 
distance from the point of inoculation (at the seed) conveniently read 
o£E against a millimetre scale drawn on the white background of the 
microscope stage. Only the three oldest seminal roots are measured for 
each plant; these are all put out at the same time and under the same 
infection conditions. The mean of these three oldest roots then gives a 
figure for the plant as a whole. The actual distance grown by the fungus 
along the roots is derived from the mean length of root infected by the 
subtraction of an arbitrary 3 mm., to account for the proximal portion 
of root actually in contact with the inoculum block. Some twenty-five 
to thirty plants are generally measured for each series, to establish a 
mean figure on a satisfactory level of significance. With practice, thirty 
plants can be measured in less than an hour; moreover, recording for 
even 8 hours a day involves very little fatigue, since the runner hyphae 
are so easily visible. 

The method has the advantage of being a quantitative one free from 
the errors inseparable from methods involving personal judgement on 
the part of the investigator (e.g. McKinney’s (36) method for estimation 
of foot and root-rot infection). In this respect, it is comparable to the 
''radial advance” method invented by Gregory & Home(2i) for investi- 
gating the activity of apple-rotting fungi. With a leaf-infecting fungus, 
Bonde(4) has compared the pathogenicity of saltants of AUemaria solani 
by measuring the size of the lesions produced by each under controlled 
conditions on potato leaflets. 

Tur ning now to the subject of soils and general technique, it was 
realized that the proposed investigation of the effect of soil moisture, 
aeration, biological content, etc., on the growth of Ophiobolus along the 
roots would require a degree of control obviously unobtainable in pots 
under greenhouse conditions. A laboratory technique was therefore 
worked out, based on the use of glass tumblers as plant containers; these 
have been already employed by the writer in previous work(i7). These 
tumblers are 3^ in. high by 2f in. in diameter, and strong enough to 
stand hard tapping on the laboratory bench, and autoclaving. 

Soils were alwajrs air-dried before use, and put through a 1*5 mm. 
sieve. The saturation capacity of all the soils worked with was deter- 
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mined by the Rothamsted method. It was thus possible by a simple 
calculation to fill the tumblers with soil at any required moisture content. 
Whilst uniform conditions in sand and very light sandy soils could be 
obtained at any moisture content simply by mixing the sand with the 
correct amount of water, weighing out into the tumblers and tapping 
down on the bench until well compacted, this method could not be used 
for loams and heavier soils at a moisture content much above 40 per cent 
saturation, owing to the soil becoming “sticky” and impossible to 
manipulate. 

For the loams and heavier soils, therefore, another method of filling 
the tumblers had to be worked out, which would give a cylinder of soil 
comparatively uniform with respect to texture, aeration, and moisture 
content. The stock soil used in this connexion was a medium loam from 
Slough, with a saturation capacity of 60 per cent. A moisture content 
of 70 per cent saturation having been decided upon as most satisfactory 
for all purposes, the following method of filling the tumblers was adopted. 
56 c.c. of the 70 c.c. of water (or other liquid) required for 70 per cent 
saturation is poured into the bottom of the tumbler; 200 g. of the air-dry 
soil is added gradually, tapping the tumbler on the bench the while to 
avoid the enclosure of air spaces within the soil. After filling, the tumblers 
are left for some hours, when the moisture is generally found to have 
risen to the surface layer of soil. The final 15 c.c. are then added. In 
this way, a fairly uniform cylinder of moist soil is obtained, as can be 
seen by knocking the block of soil out of a tumbler and breaking it across. 
When required, soil can be steam sterilized in the tumblers before the 
second addition of water without gross changes of physical texture ; the 
tumblers are weighed before sterilization and loss of weight made up 
along with the second addition of water. Frequently, however, a large 
bulk of soil was steamed in 6-in. pots and then air dried, for subsequent 
use as and when required. 

In seeding the tumblers, five inoculum disks, 8 mm. in diameter and 
cut from the growing margin of an Ophiobolua colony on a vegetable 
agar, are placed in shallow depressions in the soil made by an 8-mm. 
glass rod. A presoaked wheat se^ is planted above each, with its germ 
end approximately in the centre of the disk. The whole is then covered 
with BO g. of sand at 30 per cent saturation, which is levelled and shaken 
down by tapping the tumblers in pairs on the bench. A batch of forty 
to fifty tumblers is inoculated, seeded and covered with sand in three 
ponjat^li^ive operations. This not only saves time but makes for uni- 
lor^pty of treatment, since tumblers are inoculated not along but across 
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experimental eeries, in order to eliminate as far as possible the efEect of 
variations in the inoculum from one fungus colony to another. 

The tumblers are then packed on shelves in a large 20° C. incubator, 
and the experiment left for 14-16 days at this temperature. Higher 
temperatures of incubation have been avoided as detrimental to the 
normal development of the seedling roots. The tumblers are kept in 
darkness, thus ensuring complete uniformity of the environment. Light 
is not considered necessary, since the plants are there only to provide 
roots as a substrate for the fungus, and it has already been shown that 
the rate of growth of the fungus along the roots is, within wide limits, 
independent of the nutrition and illumination of the seedling ( 17 ). 

After this period of incubation, the tumblers are removed and the 
plants washed free of soil. A jet of water has proved to be the easiest 
method of removing the cylinder of soil, with its five plants, from the 
tumbler. The washed plants, trimmed of tops and all but the three oldest 
seminal roots, are then pickled in 70 per cent alcohol for subsequent 
recording. 

Several isolates of the fungus were employed during the course of 
this work. Owing to deterioration of the fungus in culture, it has been 
found most simple to obtain a fresh isolate from the field at least once 
every 12 months. This deterioration in pathogenicity is manifested by 
a notable decrease in the fungal growth rate; for this reason figures 
derived from experiments performed at difierent times are not necessarily 
of the same order. 

In conclusion, it must be clearly understood that, in the experimental 
section to follow, the quantity measured is the amount of linear growth 
of the runner hyphae along the roots of the wheat plant ; this has been 
found to correspond closely with the length of root actually invaded by 
the fungus. How far the observed differences in growth may be attri- 
buted to the incidence of soil conditions upon the fungus, and to what 
extent they may be influenced by possible changes in root resistance, 
are discussed at the end of this paper. 

III. Experimental 

(a) General sod conditions and the growth of the fungtis along the roots 

The fungus has been found to grow along the roots best of all in sand; 
if Slough soil be added to sand in increasing proportion, the rate of 
growth of the fungus falls off in a fairly regular manner. This may be 
illustrated by data from a typical experiment (Table I). 
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Table I 


Growth of fungus along the roots 


Proportion of soil by volume 
in sand +8oil mixture 

0 

1/16 

1/8 

1/4 

1/2 

1 

Growth of fungus in mm. 

53 

40 

16 

18 

6 

5 

Standard errors 

±1*9 

±2-3 

±24 

±1-8 

±12 

±1*4 


The differences in growth rate of the fungus shown in Table I are 
significant with the exception of two, that between 1/8 soil and 1/4 soil, 
and that between 1/2 soil and soil itself. A decrease in growth of the 
fungus is thus brought about by addition of Slough loam to sand. This 
might be attributed to a number of factors, decrease in soil aeration, 
increase in organic matter and microbiological activity, etc. 

A decrease in growth rate of the fungus can also be produced, 
however, by admixture of a comparatively inert substance, pure china 
clay, with the sand (Table II). This effect of china clay is most readily 
interpreted as conditioned by the decrease of soil aeration. 

Table II 

Growth of fungus along the roots 

Control Bttnd + 1/4 china olaj 

Growth of fungus in mm. 40 28 

Standard errors ±1*0 ±1*6 

The effect of soil aeration is well illustrated by an experiment in 
which tumblers were filled with Slough soil at 70 per cent saturation 
(a) in the usual manner, closely packed, described under “Methods'’ 
above, (6) the soil was mixed with the water by hand into small lumps, 
and then loosely packed into the tumblers (Table III). 

Table III 

Growth of fungus along the roots 

Closely packed Loosely packed 

soil sou 

Growth of fungus in mm. 5 14 

Standard errors :£l*4 

The beneficial effect of soil aeration on the growth of the fungus is 
yet further demonstrated by experiments on soil moisture content. Since 
the total pore space of the soil is shared between the soil water and the 
soil atmosphere, it follows that the lower the moisture content of the 
soil, t^e better the aeration, and vice versa. In one such experiment, a 
coi;q|Murison was made between a soil moisture content of 76 per cent 
saturation and one of 30 per cent saturation; two different soils were 
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employed. The tumblers oontaining soil at 76 per cent saturation were 
filled in the usual way; in the case of those at 30 per cent saturation, 
the soil was mixed by hand with the requisite amount of water and then 
weighed into the tumblers (Table IV). 


Table IV 


Growth of fwngus along the roots 



76 %xjMiturntion 

30 % saturation 

Growth of funguB in mm. : 

Soil A 

16 

26 

SoilB 

6 

12 

Stftndard erron: 

SoU A 

±0*9 

±0*9 

SoilB 

±1*2 

±20 


The much more rapid growth of the fungus in the soil at 30 per cent 
saturation may therefore be reasonably attributed to the better aeration 
obtaining under such conditions, for it hardly seems likely that water 
can exercise any harmful effect as such. On the other hand, it may be 
argued that the low moisture content of the soil has modified the plant 
roots in such a way as to favour the fungus. This objection, together with 
certain others of a similar nature, will be discussed at some length later 
on, under section IV of this paper. 

Soil can thus be improved for the growth of the fungus by any treat- 
ment tending to promote better aeration. It has been found that a 
marked improvement may also be effected in two other ways: 

(i) by making it alkaline, 

(ii) by steaming (except in the case of acid soils). 

This is well illustrated by an experiment in which a range of soils at 
different pH values was prepared by treating Slough soil with calculated 
amounts of sulphuric acid and sodium hydroxide respectively. The 
treated soils were kept for 3 weeks at 40 per cent saturation and at 
25° C. and then air dried. The tumblers were filled with the different 
soils at a moisture content of 70 per cent saturation, in the usual manner. 
The steamed series were steamed in situ in the tumblers for 2 hours at 
atmospheric pressure, the second addition of water being made after 
cooling, along with that added to make up for water lost during steaming. 
pH values were determined by the quinhydrone electrode (Table V). 

It will be observed that in both the steamed and the unsteamed 
series, the growth of the fungus increases in a fairly regular manner with 
rise in pH value of the soil from pH 6*0 to 7*6. The effect of pH is con- 
siderably more pronounced in the case of the steamed soils. The effect 
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of steaming is to increase the growth of the fungus except in the two 
most acid soils; in the case of the soil initially at pH 5*5S, steaming 
produces a decrease, which is just not significant, however. Briefly 
stated, therefore, it appears that the effect of steaming is to enhance 
the effect of soil pH. 

Table V 


Qrowth of fungus along the roots 


Soil treatment 

0-4 % 

+H.8O4 

0-3 % 0-2 % 

01 % 

Un- 

treated 

0 05 % 

+ NaOH 

010 % 

016 % 

pH value: 
Steamed 

61 

6*55 

6‘7 

6-9 

715 

7*25 

7*35 

7*6 

Not Bteamed 

6-56 

5-8 

6-3 

6-7 

705 

7-4 

7-6 

7-85 


Growth of fungus 
in mm.: 


Steamed 

12 

15 

25 

29 

28 

31 

35 

37 

Not steamed 

16 

17 

16 

18 

22 

26 

26 

27 

Standard errors : 
Steamed 

±1-8 

±2-3 

±20 

±M 

±1-3 

±1-4 

±1-8 

±2^0 

Not steamed 

±1*4 

±2*0 

±1-6 

±1*7 

±1*6 

±1-6 

±1-4 

±1*4 


It has been found that the addition of lime and chalk to Slough soil 
produces substantially the same effect as that of sodium hydroxide. 
Moreover, sodium carbonate and bicarbonate are as effective in this 
respect as sodium hydroxide. This is shown by an experiment in which 
air-dried Slough soil was filled into the tumblers at 70 per cent saturation 
in the usual manner, but employing, in the place of water, solutions of 
sodium hydroxide, carbonate and bicarbonate, respectively, of such 
strength as to give 0*16 g. of sodium hydroxide per 100 g. of dry soil, or 
equivalent sodium in the case of carbonate and bicarbonate (Table VI). 

Table VI 

Qrowth of fungus along the roots 

015% 0*20% 0*32% 

Control NaOH Na,CO, NaHCO, 
pH value 7-26 8 1 8 1 8 1 

Growth of fungus in mm. 11 25 23 28 

Standard errors ±1-2 ±1‘8 ±2-0 ±21 

The differences between the three alkali-treated soils are without 
significance. 

Tests of the growth of the fungus along the roots in series of natural 
soils from the field strongly emphasize the importance of soil pH as a 
factor controlling the activity of the fungus. The results of two such 
tests may be quoted. In the first experiment, seven English soils were 
emplo|)|i; the steamed soils were, in this experiment, steamed in pots 
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and then air dried before filling into the tumblers; a second series was 
not steamed. The saturation capacity of each soil having been previously 
determined, it was a simple matter to adjust the moisture content of 
each soil series to 70 per cent saturation when filling the tumblers. The 
seven soils employed were as follows: 

Richmond Deer Park, pH 4*8, a sandy heath soil. 

Welsh, pH 4*8, a yellow soil, overlying a slate formation. 

Devon, pH 4*9, a red loam. 

Slough, pH 6*8, stock soil. 

Chebea Physic Garden, pH 7*2, a black garden loam. 

Gault, pH 7*65, a clay soil from over the gault horizon. 

Ramsgate, pH 8*0, a light chalk soil from Kent. 

Table VII 

Grouch of fungus along the roots 



Rich' 

mond 

Welsh 

Devon 

Sloiigh 

Chelsea 

Gault 

Hams- 

gate 

Sand 

pH value: 







Steamed 

44 

4-7 

4*85 

6-76 

7-3 

116 

80 

6-6 

Not steamed 

4-8 

4-8 

4-9 

6-8 

7-2 

7-65 

8*0 

6-6 

Growth of fungus 
in mm.: 









Steamed 

0 

2 

4 

22 

26 

21 

25 

28 

Not steamed 

8 

13 

11 

13 

20 

25 

28 

28 

Standard errors; 









Steamed 

— 

±0-7 

±06 

±1*2 

±1-4 

±0-8 

±1*4 

1 ±0-9 

Not steamed 

±M 

iO-7 

±10 

±0*6 

±0-9 

±10 

±1-3 

. ±0-9 


In this experiment (Table VII) the soils fall into the same order for 
growth of the fungus as for pH value. Steaming brings about some 
improvement in the two more or less neutral soils, has a scarcely sig- 
nificant effect on the two alkaline soils, and a markedly adverse effect on 
the three acid soils. It might have been expected in this and in the 
following experiment that the effect of soil texture, particularly as in- 
fluencing soil aeration, would have been more pronounced. But the 
close and uniform packing of the soil in the tumblers, and its high 
moisture content, are such as to minimize the effect of physical varia- 
tions from one soil to another and to throw emphasis upon chemical 
factors, such as that of pH value. 

Another experiment of the same kind, again with seven soils of which 
two, Slough and Chelsea, were from the same locations as in the experi- 
ment above, may be given here (Table VIII). The soils were from air- 
dried stocks, and were filled into the tumblers at 70 per cent saturation 
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exactly as in the preceding experiment. The seven soils were as 
follows : 

Jersey St Mary, pH 6*0, a “mid-season’* potato soil. 

Slough, pH 6'7, as in experiment above. 

Spalding, pH 6*9, a light loam from Lincolnshire. 

Chelsea Physic Garden, pH 6*96, as in experiment above. 

Jersey L’Etacq, pH 6*96, an “early” potato soil, very light and sandy. 
Skegness, pH 7*0, similar to Spalding soil. 

Rothamsted, pH 7*5, a clay soil. 

Table VIII 


Growth of fungus along the roots 



Jersey 

St 

Mary 

Slough Spalding 

Chel> Jersey 
sea L*£taoq 

Skeg- 

ness 

Rotham- 

Bted 

Sand 

pB. value 

6*0 

6-7 

6*9 

6-95 

6*96 

7-0 

7-6 

7*1 

Qrowth of fimgos 

4 

9 

17 

18 

23 

19 

33 

49 

in wim. 

Standard errors 

±0-6 

±M 

±1-2 

±0-9 

±1*3 

±1-9 

±2*6 

±1*8 


Here again the soils fall into the same order for growth of the fungus 
along the roots as that for pH value, with but one exception, that of 
Jersey L’Etacq. But this soil is exceptionally light and sandy, and the 
higher figure agrees well with expectation from its open and porous 
nature. 

The effect of soil pH value upon the rate of growth of Ophiobolus 
along the roots was so strongly brought out by the foregoing experiments 
that a further investigation into the relation of pH value to the growth 
of the fungus seemed desirable. The fungus was therefore grown on the 
surface of sterilized Slough soil of different (adjusted) pH values in Petri 
dishes, and the growth measured after 10 days at 20° C. (Table IX). 

Table IX 

Growth of fungus on surface of sterile soil 

H ^04 NaOH 



f 


> 

01 % 

Un. 

r 

A 

— 


0*4% 

0-3 0/^ 

0*2 0/^ 

treated 

0*06% 

0*10% 

0*16 0/^ 

pH value 

Growth of fungus 

0*1 

30 

0*56 

83 

6*7 

33 

0*9 

33 

7*16 

84 

7*26 

33 

7*36 

34 

7*6 

34 

in mm. 

Stuidard erroiB 

±0*7 

±1*0 

±1*4 

±0*4 

±0*0 

±1*7 

±0*4 

±0*4 


Growing on the surface of sterilized soil, therefore, Ophiobdus is 
indifferent to its reaction over the range pH 6*5-7*6 investigated. This 
somewhat unexpected result was confirmad by another experiment, in 
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which, however, 0-6 g. glucose per 100 g, of dry soil was added to 
encourage a denser growth of the fungus. It will be observed in Table X 
that one effect of the addition of glucose is a lowering of pK value 
relative to those of the same soils without glucose, as given in Table IX. 


Table X 

Growth of fungus on surface of sterile soiZ -f 0*6 per cent glucose 


pU value 

Growth of fungus in i 
Standard errors 


H.80. 

0-4 % 0-2 % 

Un- 

tn^ated 

01 % 

NaOH 

0-2 % 

0-3 0/^ 

5*7 

60 

6-4 

6-7 

7*0 

7*3 

25 

24 

31 

28 

29 

31 

±1*4 

±0*6 

±0*7 

±13 

±0*8 

±10 


Whilst in this experiment there is a significant decrease of growth on 
the soil at pH 6-0, once again, however, there is no significant difference 
in growth over the range pH 6*4r-7*3. This conclusion is in general agree- 
ment with that of Webb k Fellows (0O), who investigated the growth of 
Ophiobolus graminis at different pH values on five culture media. They 
concluded that In general 0. graminis grew well in culture over a wide 
range of active acidity and alkalinity. While the hydrogen ion generally 
proved more toxic than the hydroxyl ion, the toxicity of each was 
variable, depending upon the medium. It was only in a potato-dextrose 
decoction that the fungus was particularly sensitive to a condition of 
active alkalinity.” It is therefore concluded that alkaline soils are no 
more favourable to the fungus as a nutritive substrate than neutral or 
slightly acid soils. The better growth of the fungus along the roots imder 
the former condition must therefore be related to some factor other 
than the nutritive one. 

Briefly summaurizing the results of the foregoing experiments, it may 
be said that whilst the fungus grows along the roots best of all in sand, 
its growth in soil is accelerated by any measures which promote better 
soil aeration. In the second place, the fungus growing along the roots is 
markedly susceptible to the pH value of the soil, and its growth rate 
increases in a regular manner with the transition from acid to alkaline 
soils. It has also been shown, however, that alkaline soils are no more 
favourable to the fungus as a nutritive substrate than neutral or slightly 
acid soils. The effect of steaming a soil upon the rate of growth of the 
fungus is somewhat variable; in the case of neutral and alkaline soils, 
a marked improvement is effected, but in the case of the more acid soils 
the effect is a decidedly adverse one. 
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(b) Partial sterilization of the soil in relation to growth 
of the fungus along the roots 

The partial sterilization of soils is well known to result in profound 
microbiological changes. Beginning with the work of Russell and his asso- 
ciates, this problem has received attention from many investigators; their 
results have been reviewed and discussed by Waksman & Stttrkey(59). 

In the earlier stages of this work(i7) it was considered that the more 
rapid growth of the fungus in a steam-sterilized soil was due to the 
sterilization eflEect. Further experiments have shown, however, that such 
an improvement is dependent upon the actual method of partial sterili- 
zation, and is therefore to be attributed to some chemical or physical 
change rather than to the biological one. In one such experiment, Slough 
soil was sterilized in four different ways, by steam, formaldehyde, alcohol 
and toluol. The steam-sterilized soil was autoclaved for hours at 15 lb. 
pressure. The formaldehyde treated soil was made up to 50 per cent 
saturation with 1 per cent formaldehyde, and kept in a covered dish for 
24 hours. The toluol-treated soil received the maximum dose employed 
by Buddin(7) in his work on the partial sterilization of soil by chemicals; 
this maximum dose was fixed as one molecular weight of the chemical 
to 1 kg. of dry soil. Accordingly, toluol was added to the moist soil 
(30 per cent saturation) at the rate of 90 g. of toluol to 1 kg. of the dry 
soil, and the treated soil kept in a covered dish for 24 hours. The alcohol- 
treated soil was made up to 50 per cent saturation with 50 per cent 
alcohol, and kept in a covered dish for 24 hours. 

After these treatments, the soils were spread out for evaporation of 
the volatile chemicals, and kept for 10 days. Tumblers were then filled 
with the soils at 70 per cent saturation in the usual manner, and the 
growth of the fungus along the roots in the different soils was measured 
(Table XI). 

Table XI 

Growth of fungus along the roots 

Form- 

Untreftted Alcohol Toluol aldehyde Steam 

Growth of fongoB in mm. 11 12 15 24 23 

Standard errors ±1*0 ±0*8 ±1-0 ±M ±1-0 

It will be observed that whilst both the steam and the formaldehyde 
treatments have more than doubled the growth of the fungus, the alcohol 
treatment has produced no significant effect upon the soil, and the 
difference between the toluol treated soil and the control is only just 
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significant (4 ± 1*4). All these treatments must have produced substan- 
tially the same microbiological effect, in killing all but the most resistant 
organisms. It therefore follows that the favourable effect of the steam 
and formaldehyde treatments cannot be due to the sterilising action of 
the two treatments, but must be attributed to some chemical or physical 
effect. 

Furthermore, experiments have shown that a totally sterilized soil 
reinoculated with its own microflora is at first no less favourable to the 
growth of Ophiobolus than one kept absolutely sterile. In one such 
experiment, a dozen tumblers were filled with Slough soil in the usual 
manner and autoclaved for 3 hours at 15 lb. pressure. After cooling, 
the final 15 c.c. of water was added to each tumbler, together with the 
weight of water lost in the autoclave. To six of the tumblers this addition 
was made as sterile water, and the tumblers were inoculated, planted 
and incubated under sterile conditions. To the other six the final addition 
of water was made in the form of a suspension of unsterilized soil, ob- 
tained by shaking 100 g. of soil up with 1000 c.c. of water. The tumblers 
were then seeded (Table XII). 


Table XII 


Groivih of fungus along the roots 


Growth of fongoB in m 
Standard errors 
Bacterial numbers in millions 
per g. of air-diy soil 


Untreated 

12 

±0-7 

30 


Kept sterile 
24 

±10 

0 


Reinoculated 

23 

±11 

110 


In spite of the fact that bacterial numbers, determined at the end 
of the experiment by plate count on Thornton’s medium, were con- 
siderably higher in the reinoculated soil than in the untreated control 
soU, the reinoculation hsts had no significant effect upon the growth of 
Ophiobolus along the roots during the period of the experiment (16 days). 

Under the closely packed condition of the soil in the tumblers, it is 
only after the reinoculated soil has been incubated for a period of some 
3 weeks at a temperature of 25° C. that a deterioration may be per- 
ceptible. If, however, the soil be incubated at 50 per cent saturation 
and loosely packed so as to favour aeration, then deterioration, i.e. return 
to normal, is much more rapid. Thus in a typical experiment, Slough soil 
previously steamed at atmospheric pressure (i.e. partially sterilized only) 
and then air dried was incubated for 3 weeks at 25° C. (i) at 50 per cent 
saturation, loosely packed, (ii) at 70 per cent saturation, closely packed, 
exactly as in the tumblers. At the end of this incubation period, both 
Ann. Biol, xxm 45 
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Boils were air dried^ and then filled into the tumblers at 70 per cent 
saturation in the usual manner, along with a control soil, not steamed, 
and another control, steamed but not incubated. The pH of all sods was 
found to be 6*8 (Table XIII). 

Table XIII 


Growth of fungus along the roots. 




Steamed soils 


Not steamed 


r 

\ 

Incubated 

X 



No 

At 70 % 

At 50 % 



incubation 

saturation 

saturation 

Control 

Growth of fongufl in mm. 

30 

24 

17 

12 

Standard errors 

±1*0 

±M 

±M 

dbl-0 


All the differences in Table XIII are significant; it will be seen that 
the return of the steamed soil towards normal is much more rapid when 
the soil is incubated in the loosely packed condition at 50 per cent 
saturation. If this return of the steamed soil towards normal is the 
result of microbiological action, then the more rapid change at 50 per 
cent saturation might be due to (i) development of greater numbers of 
organisms, (ii) greater individual activity of organisms, (iii) a qualitative 
difference in the soil microflora developing under the condition of better 
soil aeration. That such a qualitative.difference did in fact occur was in- 
dicated by a profuse visible development of fungus mycelium appearing in 
the soil at 50 per cent saturation, but not in that at 70 per cent saturation. 

In another experiment, in which the steamed soil was made alkaline 
by addition of 0-15 per cent of sodium hydroxide before incubation, a 
similar result was obtained (Table XIV). 


Table XIV 


Growth of fungus along the roots 

Incubated 


SoUpH 

Growth of fdngiu in mm. 
Standaifl enon 


No. At 70 % At SO % 

inoubation saturation saturaGon 

8*2 8*2 8*05 

^ 24 14 

±2*7 ±1*4 


The difference between the soil incubated at 70 per cent saturation 
and that having no incubation is not significant. But growth made in 
the soil incubated at 60 per cent saturation is only one-half that made 
in the non-incubated control in spite of the that the difference of 
pH value amounts to only 0*15 of a unit. It is thus possible for two soils 
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of almost the same value to vary considerably as an environment 
for the fungus. In Table V it can be seen that growth in a steamed soil 
of pK 7*6 is 37 mm., as against a growth of only 26 mm. in an un- 
steamed soil of corr^ponding reaction pH 7*6. In that experiment 
steaming produced a considerable improvement in the soil as an environ- 
ment for the fungus, irrespective of any change in pH value; in this 
experiment exactly the converse has occurred, viz. the reversion of the 
treated soil towards normal, again without ipaterial change of pH. It 
thus appears that the pH value of the soil is not the only chemical factor 
influencing the rate of growth of the fungus. 

Summarizing the results of the foregoing experiments it appears that 
whilst the return of a steamed or alkali-treated soil towards normal is 
presumably the result of microbiological action, and varies in rate with 
the conditions of incubation of the soil, the original improvement brought 
about by steaming must be of a chemical or physical but not biological 
nature. 


IV, Discussion 

(a) Interpretation of the experimental work 

As a result of the experimental work set out in the preceding section, 
it has been found that Ophiobolus graminis grows along the roots of 
wheat plants best of all in sand, and that its growth in soil is favoured 
by any condition tending to promote better aeration, by rise in pH value 
of the soil, and by steaming, except in the case of the more, acid soils. 
It has been shown, furthermore, that the improvement brought about 
by steaming cannot be attributed to the efieot of partial sterilization as 
such, since it is not produced by partial sterilization with alcohol or 
with toluol, but must be ascribed to some chemical or physical change 
produced in the soil by the action of steaming. Formaldehyde has also 
been found to eflect such an improvement in the soil. 

Some attempt must now be made to incorporate these facts into a 
general hypothesis whereby the effect of soil conditions upon the rate 
of growth of Ophiobolus along the roots can be explained and predicted. 
In the first place, it may be suggested that the observed variations in 
growth of the fungus are due in part, if not entirely, to variations in 
resistance of the wheat roots under different soil conditions. This sug- 
gestion is, however, discounted by an experiment already published ( 17 ), 
in which wheat plants were grown in a pure quartz sand under four very 
different conditions of nutrition and illumination: (a) in full sunlight 
with a full nutrient solution, (6) in full sunlight without nutrient solution, 

45-2 
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(c) in poor diflEuse light with full nutrient solution, (i) in poor difEuae 
light without nutrient solution. The plants were grown under these con- 
ditions for 16 days, by which time striking difiEerenoes in appearance 
were manifest, and were then inoculated with the fungus. No significant 
differences in the rate of growth of Ophiobolus along the roots of these 
very differently treated plants could be detected. It is therefore con- 
cluded that root resistance is not a factor likely to have influenced the 
rate of growth of the fungus along the roots in these experiments. 

In the earlier work on this problem (17), the poor growth of Ophiebolus 
along the roots in the heavier soils was attributed to the operation of 
a microbiological factor, viz. the antagonism of the soil micro-organisms, 
which was reasonably assumed to be greater in the heavier soils with 
greater organic content. This hypothesis was supported by experiments 
in which it was found that such soils became much more favourable to 
the growth of the fungus when steam sterilized. The experiments quoted 
above have shown, however, that this improvement is iu dependent of 
the biological factor, and must be attributed to some chemical or physical 
change brought about by the steaming. Microbiological antagonism is 
probably of considerable importance in relation to the saprophytic de- 
composition of Ophiobolus mycelium in the resting stage, and must vary 
according to the soil conditions; the evidence of the experiments here 
reported indicates, however, that it does not directly affect the rate of 
growth of the fungus along the roots, except in so far as it gradually 
brings about general physical and chemical changes in the soil, as in the 
return of a steamed soil to normal. 

The fact that the fungus grows along the roots best of all in pure 
sand suggests that its growth in soil is governed by a retarding factor, 
and that variations in the growth of the fungus are to be related to 
variations in the degree of its incidence. It is not easy, however, to 
postulate a retarding factor which will fit in with all the facts. It is not 
present in sand ; in soil it is neutralized by alkalinity, but enhanced by 
acidity. Moreover, whilst it is to some extent removed by steam treat- 
mwt in neutral soils, in the more acid soils it is actually increased; i.e. 
it is thermolabile at one pH and thermostable at another. Nor can the 
better growth of the fungus along the roots in alkaline soils be attributed 
to any preference of the fungus for alkaline soils as a nutritive substrate, 
for this possibility has been ruled out by experiment. 

It is as idle as it is unnecessary to postulate a complex retarding 
factor(22), and such a possibility has already been to some extent dis- 
counted by the work of Hutchinson k Thay8en(27). Whilst, under con- 
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ditions of pure culture on artificial media, it is possible to conceive of 
almost any of the products of growth as able at a sufficient concentration 
to stop the advance of a fungus, in the soil the by-products of one 
organism form the substrate of another. When it is considered that even 
toxic chemicals like toluene, carbon disulphide and naphthalene have 
been 8hown(7, 28, 34) to be decomposed quite rapidly in the soil, it is 
hard to imagine that any complex substance retarding the growth of 
Ophiobolus can accumulate in the soil. It is possible, on the other hand, 
to conceive of the temporary accumulation of carbon dioxide, which is 
the final product of combustion. 

Consideration of the fact that Ophiobolus makes the best growth of 
all, on the one hand in sand and on the other in alkaline soils, has led 
to the realization that carbon dioxide may indeed be this retarding factor. 
This possibility has already been examined by Fellows (13), who found 
that the growth rate of the fungus on potato-dextrose agar fell off with 
increasing atmospheric concentrations of the gas. Fellows concludes, 
however, that “the variations in carbon dioxide and oxygen as found 
in arable soils are not great enough to affect materially the growth of 
Ophiobolus graminis'\ in view of the fact that the carbon dioxide con- 
centration in the general soil atmosphere, under normal conditions, 
seldom reaches even 1 per cent (47). Such determinations of the average 
concentration of carbon dioxide in the soil atmosphere are of value, but, 
at the same time, they can give no indication of the wide variations in 
local concentration that must occur. Thus the zone in which the fungus 
hyphae are actually growing, i.e. that between the root and the soil, 
must have a local or microclimate (2) in which the carbon dioxide per- 
centage may be considerably higher, owing to the respiration of the 
plant root, and therefore probably quite sufficient to affect the growth 
of the fungus. The actual concentration of carbon dioxide in this micro- 
climate must depend upon (i) its rate of production by the respiration of 
the plant root, the hjrphae of Ophiobolus^ and the general soil microflora, 
(ii) upon the closeness with which the soil invests the root, (iii) upon the 
physical nature of the soil, determining the rate of diffusion of the gas 
away from the root, (iv) upon the chemical nature of the soil. Alkaline 
soils should act as carbon dioxide acceptors, rapidly reducing the con- 
centration of carbon dioxide in the root zone. 

It is suggested, therefore, that sand and sandy soils are most 
favourable to the growth of the fungus along the roots in virtue of the 
more rapid physical diffusion of carbon dioxide away from the root 
under such conditions, and that alkaline soils are congenial in that they 
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may act as carbon dioxide acceptors to the root cone. The power of an 
alkaline soil to take up carbon dioxide as bicarbonate should increase 
direcldy with the pH value of the soil, since the equilibrium between 
free carbon dioxide and bicarbonate is determined by pH, thtts(8): 

where Kf is a constant and H**^ represents the hydrogen-ion concen- 
tration. The ratio between firee carbon dioxide and bicarbonate at any 
pH may be easily worked out in percentage from the following relation : 

W 

where is the same constant as that of equation (a), and re- 
presents the pH value at which [free 00^] is equal to [HCOg]. Taking 
this value as 6*45, the relation between free carbon dioxide and bicar- 
bonate has been worked out for pH values &om 5*5 to 8*0» and may be 
seen in Table XV. 

Table XV 

Relation between free carbon dioxide and bicarboncUe 
at different pH valties 


pK 

%co, 

% HOO- 

55 

90 

10 

60 

74 

26 

6*45 

60 

60 

7-0 

22 

78 

7*6 

8 

92 

8*0 

3 

97 


The power of the soil to take up carbon dioxide as bicarbonate from 
the root zone should thus increase with rise in pH value from pH 5*5 
upwards. This hypothesis does not, of course, necessarily imply any 
appreciable concentration of bicarbonate around the root, since any 
such accumulation would at once upset the equilibrium between car- 
bonate and bicarbonate in the general soil solution, and restoration of 
this equilibrium would be very rapid. In an acid soil, on the other hand, 
diffusion of carbon dioxide away from the root must be almost entirely 
physical, and hence very slow indeed in a soil at 70 per cent saturation. 
Under such conditions, the rate of diffusion might be expected to 
approximate to that in absolutely still water. 

Whilst the existence of an alkaline soil reaction is thus held to be 
favourable to the fungus in virtue of the low oonoentration of free carbon 
dioxide which it entails, it must be remembered that the bicarbonate ion 
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can itself be an active inbibitor of fungal growth. Thus Pratt(42) has 
shown that the factor responsible for the staling of a number of fungi is 
the accumulation of bicarbonate when the medium is such that it becomes 
alkaline through fungal growth. The concentration of bicarbonate found 
b j Pratt in stale culture media corresponded to 650 parts per million of 
carbon dioxide; only under rather exceptional conditions, however, is 
such a high concentration of bicarbonate found to occur in the soil 
solution. 

As an illustration of the manner in which the power of the soil to 
act as a GO, acceptor varies with the pH value, the following experiment 
may be cited. Two series of tumblers were filled with Slough soil at 
70 per cent saturation in the usual manner, but in the place of water 
dilute sulphuric acid and dilute sodium hydroxide, respectively, were 
employed, in such strengths that the resulting soils contained 0-3 per cent 
sulphuric acid and 0-15 per cent sodium hydroxide. A third series was 
prepared using water alone. The tumblers were placed in the 20® C. 
incubator. 

After 1 week, determinations of the power of the different soils to 
take up carbon dioxide were made as follows. A tumbler was fitted with 
a vaselined rubber bung fitting right down to soil level It was then 
inverted on top of a large Haldane's gas analysis burette and a direct 
connexion made through one limb of a two-way cock. The other limb 
was in turn connected with (1) a filter pump, whereby the tumbler was 
evacuated for 5 min., (2) a reservoir of air containing 2 per cent carbon 
dioxide for 5 min. Connexion was then cut off, and two successive 
samples of 6 c.c. of soil air withdrawn from the tumbler for analysis in 
the gas burette. The percentage of carbon dioxide taken up by the soil 
from that admitted from the reservoir could then be calculated. Three 
determinations, each in duplicate, were made for each of the three soil 
series, at weekly intervals (Table XVI). 

Table XVI 

Percentage CO, taken up by soil from CO, passed in 

0-3 % Untrwktod 015 % NaOH 

After 1 week IS 68 77 

After 2 weeks 36 61 71 

After 3 weeks 48 61 80 

It will be observed that whilst treatment with alkali enhances the 
power of the soil to take up carbon dioxide, acid treatment depresses it, 
but in the case of the acidified soil there appears to be a gradual recovery 
over the period of 3 weeks in which determinations were carried out. 
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An essential postulate of the hypothesis presented above is that the 
fungus be sensitive to ooncentrations of carbon dioxide likely to occur 
in the microclimate of the root zone. The growth of the fungus at 
different atmospheric concentrations of carbon dioxide was therefore 
studied, using the technique devised by Brown (6). The different experi- 
mental atmospheres, 0, 6, 10, 16 and 20 per cent carbon dioxide, respec- 
tively, were set up in large vessels, of the type used for desiccators, of 
some 9 litres capacity, and checked by analysis with the Haldane 
apparatus. Eight plate cultures of the fungus were grown at each 
concentration of carbon dioxide; potato-dextrose agar was used and 
the plates poured rather deep to prevent staling, as recommended by 
Brown. To facilitate gaseous diffusion, the lids of the Petri dishes were 
removed and the dishes strapped together in bundles of four, upside 
down, with a clean sterile dish at the bottom of each pile. The experiment 
was made at laboratory temperature, which was maintained at 21-23®C. 
throughout. After 6 days, diameters of the fungus colonies were measured, 
and the growth made in different concentrations of carbon dioxide calcu- 
lated (Table XVII). 

Table XVII 

Ofowth of the fungus on ^potato-dextrose agar at different 
atmospheric concentrations of carbon dioxide 

Feroentage CO, 0 5 10 16 20 

Growth fungus in mm. 27 20 18-6 8*5 11 

Standard errors ±0*3 ±1*2 ±0*6 ±2*1 ±2*2 

In an atmosphere of 15 per cent carbon dioxide, the growth of the 
fungus is reduced to less than 30 per cent of its value in air. Growing 
on potato-dextrose agar, therefore, Ophiobolus graminis appears to be 
sufficiently sensitive to the atmospheric concentration of carbon dioxide 
to justify the hypothesis put forward above. Growing upon the wheat 
root, the fungus may be more sensitive still, for Brown (6) concluded, as 
a result of his work with a number of different fungi, that the retarding 
effect of the carbon dioxide factor varied with the nature of the substrate 
and with the other conditions of the environment; in general, the re- 
tardation was greatest when the energy of growth of the fungus was 
least, e.g. on % poor substnM^ and at a temperature unfavourable for 
growth. WhiM the wheat toot is indeed the natural substrate of Ophio- 
bolus, it is yet not so favourable for growth as potato-dextrose agar. 
For evefl^der the best conditions the growth rate of the fungus along 
the roots is never appreciably more than half that on potato-dextrose 
agar. 
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It is obviously a matter of extreme experimental difficulty to obtain 
direct evidence of the concentration of carbon dioxide in the atmosphere 
immediately in contact with the root. The sampling would have to be 
done with the root growing in situ in the soil; at the same time, the 
very act of sampling would upset the process of diffusion and the 
carbon dioxide/bicarbonate equilibrium upon which the concentration 
of carbon dioxide in this zone must depend. The rate of production of 
carbon dioxide by the roots of various crop q)lants has been studied by 
Newton (38). A very rough approximation from his data suggests that 
a wheat root may respire its own volume of carbon dioxide in 24 hours. 
The respiration of the Ophiobolus hyphae must contribute something to 
the total output of an infected root, which probably respires more actively 
than a healthy one(30). The respiration of the general soil microfiora 
around the root must also be taken into account. The possible significance 
of this contribution is strongly emphasized by the work of Starkey (57), 
who found that the numbers and activity of the soil micro-organisms 
increased greatly in the root zone ; on an average of all the plants investi- 
gated, the number of bacteria per g. of soil at the root surface was some 
26 times as great as that in the soil close to the roots. 

Whilst the respiration of the general soil microfiora may thus con- 
tribute directly to the production of carbon dioxide in the root zone, it 
must at the same time have an indirect effect more important still. 
Granted a type of soil which acts as a carbon dioxide acceptor, the 
growth of micro-organisms would tend to eliminate this character. Thus 
the improvement effected by a treatment with alkali has been found by 
experiment to fall off with lapse of time as a result of microbiological 
action. This may be attributed in part to changes produced by the 
growth and assimilation of the organisms in the soil bases which act as 
carbon dioxide acceptors, and in part to the accumulation of respiratory 
carbon dioxide in the incubated soil. For the rate of diffusion of carbon 
dioxide from the root zone will be much less rapid towards a sink of 
1 per cent carbon dioxide than towards a sink of zero concentration. 
In maintaining a general concentration of the order of 1 per cent carbon 
dioxide in the soil atmosphere, therefore, the respiration of the soil 
microfiora may result in a much larger increase in the concentration at 
the root zone. 

In conclusion, the case of steamed and formaldehyde-treated soils 
must be discussed in relation to the hypothesis presented above. The 
experimental evidence has shown that the improvement effected by 
these two treatments can only be attributed to the production of some 
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chemical or physical change. The effect of formaldehyde must remain 
open to investigation. The interpretation of the favourable effect of 
steaming on the growth of the fungus, however, offers no difficulties. 
Although the changes produced in the soil by steaming are incompletely 
understood, there is no doubt that at least in soils not too far removed 
from neutrality, steaming accentuates the power of the soil to act as 
a carbon dioxide acceptor. Free carbon dioxide is driven off, and bicar- 
bonates are changed into carbonates. Moreover, there is an appreciable 
amount of alkaline ammonium carbonate formed in steamed soils — so 
much so that the toxicity of certain steamed soils to seedling growth has 
been attributed to this cause by Johnson ( 29 ). It is certainly suggestive 
that the more acid soils, which can have little power of taking up carbon 
dioxide, are not improved by steam treatment. 

The carbon dioxide hypothesis, while accounting reasonably well for 
all the observed facts, must still be regarded as non-proven. It is easy 
to suggest diverse alternative hypotheses; soil reaction, whilst not 
directly influencing the fungus, might yet influence its parasitism of 
the root, either through a neutralization of the stimulus to growth along 
the root (root excretions?), or through some direct effect upon the 
(enzymic?) mechanism of penetration. Such alternative hypotheses all 
involve additional assumptions, however, and are hence inferior to the 
carbon dioxide h)rpothesis, which has at least the merit of simplicity. 

(b) Bdation of the experimental results to the occurrence 
of the take^aU disease %n the field 

It has appeared from these experiments that growth of Ophioboltts 
graminis along the roots is most rapid under just those soil conditions 
which are known to favour the incidence of the take-all disease in the 
held, viz. loose and open soils, soils of light texture, and alkaline soils. 
This is not at all surprising, however, since the rate of growth of the 
fungus along the root system must be one of the chief factors determining 
whether the attack be fatal to the, plant or not. The speed with which 
the fungus reaches the crown region from one or more foci of infection 
on outlying parts of the rgot system may be the decisive factor in the 
recovery or otherwise of the plant. Once the fungus has established itself 
around the crown, new secondary roots may be destroyed almost at 
their indeption. Of considerable interest in this connexion are the recent 
observations of Fellows k Fickeae), who planted wheat at different levels 
above a layer of Ophicbolus inoculum in the soil, and found that the 
attack was only fatal when the inoculum was 3 in. or less below the seed. 
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Since it has been found in the present investigation that the fungus 
cannot extend, apparently, for more than a few millimetres if confined 
to the inside of the root, its dependence upon the soil environment must 
be a very real one. 

Soil conditions are generally considered, however, to influence not 
only the fungal parasite but also the resistance of the host plant. Perhaps 
the best example of such an effect amongst the cereal foot-rot fungi is 
afforded by the work of J. G, Dickson(iO) and his collaborators (U) on 
the seedling blights of wheat and maize due to GHbbereUa saubinetii. But 
in the case of Ophiobolua graminia the writer has failed to find any 
indication of resistance to the fungus in the seminal roots of wheat, 
either by experiment ( 17 ) or through general observation. This is sup- 
ported by the work of Fellows ( 14 ) and Robertson ( 46 ). The importance 
of the seminal roots to the plant has, of late, been emphasized by the 
root-cutting studies of Simmonds A Sallan8(66, 56), who conclude that 
during the seedling period and up to about mid-season, the seminal roots 
appear to be the most important and constitute the chief absorbing 
system. This is supported by the earlier work of Krassovsky ( 33 ) on water 
and salt absorption. The only investigations to have been reported, so 
far, on the resistance of the crown roots to Ophicbolua are the histological 
studies of Robertson ( 45 ). He finds that a iharked increase in the amount 
of lignified tissue takes place in the crown roots with advancing age, 
reaching a maximum by about 40 days in pot culture. It is possible, 
therefore, that this lignification may confer some degree of resistance 
upon the plant. Experiments to test this were carried out by Broadfoot (5), 
but were unfortunately vitiated by another variable factor, viz. micro- 
biological antagonism to the pathogen in the soil, which also increased 
with the age of the pot cultures. It is possible, again, that the power of 
an injured plant to put out new crown roots (56 , 66 ) may also be a factor 
making for resistance under some conditions. 

In conclusion, reference may be made to an observation, quite possibly 
typical of others not reported, which at first sight appears to conflict 
with the conclusions reported in this paper. Thus it has been recently 
reported by Akerman et a2.(i) that insufficiently rotted stable manure 
has been observed to stimulate the development of the take-all disease. 
It may here be argued, however, that the microbiological action of 
organic matter in controlling the disease was in this case more than 
offset by the harmful opening up of the soil through the undecomposed 
straw residues. 
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V. Control 

These investigations suggest that control of the take-all disease will 
be assisted by any measures which: 

(1) Compact the soil. This fact is already well known to wheat 
farmers in South Australia (23). 

(2) Reduce the open character of the more sandy soils, e.g. by 
increasing the humus content. 

(3) Lower the pH value of the soil. 

(4) Increase the activity of the soil microflora, e.g. by the incorpora- 
tion of organic matter in the soil(i5). If bulky plant residues slow of 
decomposition are employed, however, the soil may be opened up too 
much, and the reverse effect obtained (i). 

On soils of light texture and alkaline reaction, such as the mallee 
areas of South Australia, these desirable changes can only be economically 
effected by a long-term agricultural policy designed to increase the humus 
content of the 8oil(i7). By such a policy the loose and open character 
of the lighter soils will be appreciably modified, their alkalinity will be 
reduced, and the increase in organic content and microbiological activity 
should lead, on the one hand, to increased soil respiration, retarding the 
activity of Ofhiobolus on the roots of the growing crop, and on the other 
to the more rapid decomposition of the resting mycelium in the fallow 
periods. 

It is interesting to see that such a desirable change is indeed already 
progressing, though slowly, in the mallee soils of South Australia. With 
the progress of cultivation, greater compaction of the soil can be obtained, 
and at the same time the humus content gradually increases. Never- 
theless, there can be no doubt that this evolution of the virgin mallee 
soil into one less congenial to take-all could still be considerably hastened 
by the increased use of green crops in the rotation, and especiaUy by the 
feeding off of such crops with sheep, which are already kept by many 
of the wheat farmers. 

Good support for this policy is a^^xrded by a consideration of the 
prevalence of the disease on the mallee soils of the State (17). Whilst 
take-all is still very prevalent on areas cleared less than 20 years ago 
&om virgin scrub, it is generally no longer a serious problem on soils 
some 25 years under cultivation, and on soils older still it has practically 
disappeared, under good farming practice. 

Soil reaction appears to exercise such a marked effect upon the 
activity of the fungus that attention might well be given to special 
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measures for lowering the pH value of the soil, where this is at all 
feasible. It seems just possible that the favourable effect of super- 
phosphate in reducing the disease may be due in part to a temporary 
lowering of soil pH in the immediate neighbourhood of the seed and 
crown of the plant, which may be termed “a key position’’ for the 
fungus. It is possible, again, that the application of ammonium sulphate 
would be of some value in this respect. The control of take-all by ferrous 
sulphate has been reported by Damell-Smith(9). The control of the 
disease by the application of sulphuric acid has long been practised in 
France. 

Lastly, the realization that the fungus can increase in the soil only 
on living plants and must deteriorate in their absence through the 
antagonism of the soil saprophytes emphasizes once more the importance 
of grass hosts in the propagation of the disease (4o, 4i). In the South 
Australian mallee areas, a crop sown on land cultivated after a 2-year spell 
as pasture generally suffered severely from take-all. R. L. Griffiths (23) 
recommends for those areas the replacement of the highly susceptible 
and ubiquitous barley grass {Hordeum murinum) pasture by a seeded 
pasture of Wimmera rye-grass {Lolium snbulatum)^ which is apparently 
immune to take-all, to be drilled in with the wheat. 

Soil amendment alone, therefore, should not be regarded as a sovereign 
remedy for the take-all disease, but is rather to be adopted as an addition 
to those practices already in use for its control, viz. rotation of crops, 
early and well- worked fallows, eradication of susceptible grasses, burning 
of the stubble, and proper compaction of the soil and preparation of the 
seed-bed. Indeed, the neglect of these precautions may lead to a severe 
outbreak of take-all even on soils where it is seldom seen. 


VI. Summary 

OphiobolTis graminis can spread through the soil only along the roots 
of its. host plants. A distinction can thus be made between two phases 
in the activity of the fungus, a parasitic or €wcendant phase, in which 
the fungus is actively increasing on the roots, and a pseudo-saprophytic 
or declining phase, in which the fungus is merely persisting in dead host 
tissue. In the declihing phase, the disappearance of the fungus from the 
soil must be hastened by the action of the soil saprophytes in actually 
decomposing its mycelium. Certain soil conditions, which at one time 
increase the activity of the fungus on the roots of its host, may at another 
time hasten the disappearance of the resting mycelium from a fallow soil. 
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The rate of growth of Ophiobolui gniminis along the |ootB of wheat 
seedlings has been found to vary widely with soil conditions, and growth 
may even be inhibited altogether. The best growth of all is made in sand ; 
growth in soil increases both with improvement in aeration, and with 
rise in pH value; it is thus best in light and open soils, and in alkaline 
soils. In the case of neutral and alkaline soils, growth may be improved 
by steaming. 

A hypothesis has been put forward whereby the rate of growth of 
the fungus along the roots is related to the concentration of carbon 
dioxide in the microclimate of the root zone, along which the fungal 
hyphae are growing. Carbon dioxide is produced by the respiration of 
the host root, the hyphae of Ophiobolus, and the soil microflora ; variation 
in the concentration of carbon dioxide in the root zone will depend on 
the rate of difliusion of the gas away from the root. This will be most 
rapid, on the one hand, in light and open soils favouring rapid physical 
diffusion, and, on the other, in alkaline soils, which can act chemically 
as carbon dioxide acceptors. These are just the soil conditions which 
make for most rapid growth of the fungus along the roots. 

Growth of Ophioboliis graminis along the roots is also most rapid 
under just those soil conditions known to favour the occurrence of the 
take-all disease in the field, viz. loose and open soils, soils of light texture, 
and alkaline soils. This well-established action of soil conditions upon 
the prevalence of the disease in the field is thus considered to operate 
directly through the fungus, rather than indirectly through the resistance, 
yet to be demonstrated, of the host plant. 
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A DISEASE OF CHERRY LAUREL CAUSED BY 
TROCHILA LAUROCERASI (DESM.) FR. 

By MARY J. F. GREGOR, Ph.D. 

Royal Botanic Garden^ Edinburgh 

(With Plate XXXI) 

Introduction 

Trochila Laurocerasi (Desm.) Fr. has long been known as a sapro- 
phyte growing on dead leaves of the cherry laurel {Ptunus Laurocerasus). 
In the spring of 1932, however, the writer received some living leaves 
of cherry laurel bearing large irregular brown spots upon which had 
developed apothecia of Trochila Laurocerasi and also numerous acervuli 
of a Gloeosporium species (PL XXXI, fig. 1). The specimens came from 
a fine cherry laurel hedge in Dumfriesshire which was said to be almost 
ruined as a result of the disease. They had been sent first to the Ministry 
of Agriculture’s Plant Pathological Laboratory at Harpenden, and the 
fungus had been identified by Miss E. M. Wakefield of Kew. She stated 
that she had seen a similar case some years previously at Norwich, and 
had also on that occasion found indications of a possible conidial stage 
of the Trochila, but she had been unable to devote further time to the 
problem. Some of the Dumfriesshire specimens were forwarded subse- 
quently to the Plant Pathological Laboratory of the Department of 
Agriculture for Scotland with the suggestion that the matter would 
repay closer study. 


Description of the disease 

The earliest external symptom is the development on the leaves of 
yellowish spots with a very indefinite margin. Later these become sharply 
delimited by the formation of a thickened ring of tissue separating the 
discoloured area from the healthy portion of the leaf. Sometimes this 
ring is not developed rapidly enough to check the advance of the fungus 
and the discoloration then extends beyond it and another ring is formed 
in the path of the parasite (PI. XXXI, fig. 2). It is not uncommon to 
find several such rings, more or less concentrically arranged, upon the 
surface of the larger spots. Meanwhile the infected areas gradually 
change colour, commencing at the centre. They first assume a purplish 
tinge and later become brown, the shade varying from greyish brown 
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to a deep red brown, sometimes being markedly different in adjacent 
rings of the same spot. Only after this last phase has been attained do 
the fructifications of the fungus develop. They are mainly confined to 
the upper surface of the leaf but may occasionally develop also on the 
lower surface. Oloeosporium acervuli are formed first but are succeeded 
by the apothecia of TrochUa Laurocerasi. In the later stages of the 
disease the discoloured spots become separated from the leaf along the 
inner side of the thickened marginal ring (PI. XXXI, fig. 1); they then 
fall away, leaving large holes with thickened rims. These holes are not 
always spherical but may be irregular in outline and are sometimes cut 
out from the edge of the leaf. The method by which the diseased area 
becomes separated from the healthy tissues of the leaf is exactly similar 
to that described and illustrated by Blackman & Matthaei(i) and 
Samuel (3) in the case of mechanical injury to cherry laurel leaves. 

Dr Pethybridge stated in correspondence that he had observed lesions 
on the green parts of the twigs as well as on the leaves, but these were 
not present on the material examined by the present writer. 

Culture studies 

The ascospores of Trochtla Laurocerasi germinate readily within 
24 hours in a hanging drop of sterile water. Each spore is unicellular, 
contains very granular protoplasm and is surrounded by a thick sheath 
of mucilage. One or more germ tubes may be formed from any part of 
the spore but most commonly from one or both ends. Anastomoses may 
occur between germ tubes from adjoining spores or between a germ tube 
and a neighbouring spore. After 48 hours many of the germinating 
spores, and occasionally some which have failed to germinate, become 
divided by a transverse septum. 

The average diameter of a monospore culture on malt-extract agar 
after 7 days at room temperature is 0-7 cm. : at this stage it is pure white 
with well-developed fluffy aerial mycelium. After about 14 days a flatter 
marginal zone becomes differentiated on the lower side of the growth in 
a tube culture; this gradually assumes a darker colour and drops of 
moisture are exuded from the mycelium. Ultimately this lower part 
becomes brownish black with a wrinkled slimy surface due to the pro- 
duction of vast numbers of Oloeosporium conidia. These germinate in a 
manner similar to that described for the ascospores, and, like the latter, 
they frequently become divided by a transverse septum. Single conidia 
sown on malt-extract agar give rise to cultures identical in every respect 
with those obtained from single ascospores. 
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A Disease of Cherry Laurel 

Apothecia of TrochUa never developed in agar cultures, but when 
pieces of sterilized cherry laurel leaves were employed as the nutrient 
medium, the Oloeosporium stage was rapidly succeeded by fructifications 
of TrochUa, Mature ascospores were formed in about 14 days from the 
time of planting a single spore, and identical results were obtained 
whether the inoculum consisted of an ascospore or a conidium. There 
remains, therefore, no doubt that this Oloeosporium is the imperfect stage 
of TrochUa Laurocerasi, 

Identity of the ii^perpect stage 

The conidial stage has been identified as Oloeosporium phacuUellum 
Grove, which was first described in 1912 (2). At the end of the description 
Grove added, ‘‘ Presumably the pycnidium stage of TrochUa Laurocerasi ”, 
but he did not test his hypothesis by cultural studies. He kindly lent 
his type specimen to the present writer, and it was found to agree in every 
detail with the living material. In his published description Grove gave the 
dimensions of the conidia as 18-20 x 7-8 /x. The measurements made by 
the present writer from 100 conidia taken at random from each specimen 
were: type specimen 12*3-17*9 x 3*9-7*4/i, mean 15*0 ± 0*1 1 x 5*4 ± 0*06 /x; 
living material 11*9-18*6 x4*2-6*3/Lt, mean 14*9 ± 0*12 x 5*0 ±0*06 /x. 
Thus it will be seen that the two specimens were practically identical 
with regard to size of conidia, but they differed decidedly in this 
respect from the published description. Grove, in correspondence, 
explained this apparent discrepancy by the fact that he did not measure 
any conidium which he thought might be immature. The present writer 
has, however, germinated many hundreds of conidia during this work, 
and it was found that the smallest were as capable of germination as the 
larger ones. Thus the series of measurements which includes these smaller 
conidia should probably be regarded as a more accurate expression of 
the degree of variability exhibited by this species in the matter of 
conidial dimensions. 

Infection experiments 

Numerous inoculations with monospore cultures of TrochUa Lauro- 
cerasi were carried out during the spring and summer months of two 
successive years. Unusual difficulty was incurred owing to the fact, 
already mentioned, that the cherry laurel rapidly occludes any portions 
of its leaves which have been mechanically injured. A number of pre- 
liminary experiments was therefore carried out in order to ascertain 
whether any slight wound could be inflicted without bringing about this 
undesired effect.* It was found that no isolation of the injured area took 
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place if the epidermis was slit with a sharp razor, but if the cut penetrated 
deeply the usual callus was formed. All other types of injury led to the 
development of a callus and the subsequent separation of the occluded area. 

The infection experiments were performed on small plants in pots. 
Before inoculation these were sprayed with sterile water from an atomizer, 
and for several days they were either covered by bell- jars or the inocu- 
lated parts were enclosed in cellophane cylinders plugged at both ends 
with cotton wool. No wound other than a slit in the epidermis was 
inflicted upon the leaves. Mycelium for inoculation was taken from the 
edges of young cultures, together with a fragment of the underlying agar. 
When spores were used as the inoculum two different methods were 
employed. In the first, portions of leaf culture bearing mature acervuli 
or apothecia were laid in contact with the living tissues for 24 hours. 
The second method consisted of painting a suspension of spores in sterile 
water on to the required spot with a sterilized brush, or, in the case of 
a few young stems, injecting the suspension with a hypodermic syringe. 
The results of the experiments are summarized in Table I. Control plants 
were kept but in no case did these become infected. 


Table I 

Infection ej'periments with Trochila Laurocerasi on cherry laurel 


Part of plant 
inoculated 

Whether wounded 
or unwounded 

Inoculum 

No. of 
inoculations 

No. of 
infections 

Leaves 

Wounded 

Mycelium 

28 

22 

Leaves 

Unwounded 

Myoehum 

22 

"3 

Leaves 

Wounded 

Conidia 

37 

4 

Leaves 

Unwounded 

Conidia 

12 

0 

Leaves 

Wounded 

Asoospores 

25 

4 

Leaves 

Un wounded 

Asoospores 

33 

0 

Young stems 

Wounded 

Mycelium 

7 

0 

Young stems 

Unwounded 

Mycelium 

6 

1 

Young stems 

Wounded 

Conidia 

18 

0 

Young stems 

Unwounded 

Conidia 

10 

0 


Only young leaves contracted the disease. Attempts to infect leaves 
during late autumn or in their second year of growth yielded negative 
results, even when they were wounded before inoculation. Infection 
occurred as readily through the upper as through the lower surface of 
the leaf. It will be seen from Table I that infection of young Unwounded 
leaves did occur, but that the existence of small wounds enormously 
increfiised the chance of infection. The presence of moisture was essential 
for infection; if the leaves were allowed to dry during the experiment 
the growth of the fungus was checked, a ring of callus was formed and 
the diseased area became occluded. 
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A Disease of Cherry Laurel 

Control 

Miss Wakefield stated that in the outbreak of this disease which had 
previously come to her notice almost complete control was obtained by 
ceasing to clip the hedge regularly and cutting it back only in the 
autumn, so that there was not a succession of young leaves to become 
infected. The Dumfriesshire hedge has now practically recovered from 
the attack: a portion of it was cut back severely in June 1932, and this 
part is now quite free from the disease, but the remainder, which has 
been clipped as usual once a year in June, still exhibits slight traces of 
infection. 

Laboratory experiments showed that spraying with colloidal sulphur 
greatly reduced infection, although complete control was not effected. 

Summary 

A leaf spot disease of cherry laurel is described. The infected areas 
eventually become occluded and fall out, leaving irregular holes in the 
foliage. The disease is caused by Trochila Lauroceraai (Desm.) Fr., the 
imperfect stage of which is proved to be Gloeosporium phcusidieUum Grove. 
Infection takes place on the young leaves, most commonly through 
wounds, and a moist atmosphere is essential for the development and 
spread of the disease. Control can be effected by spraying with colloidal 
sulphur during spring and early summer, and by cutting back the bushes 
only in the autunm, not at short intervals during the summer as is 
frequently the practice. 

The writer wishes to acknowledge her indebtedness to Dr G. H. 
Pethybridge for valuable suggestions during the course of this work, 
also to Dr C. E. Foister for the photographs reproduced on PI. XXXL 
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EXPLANATION OF PLATE XXXI 

$oC]l figures refer to Trochila Lauroceraai on cherry laurel. 

Fig. 1. Natnnd Infection. Infected areas, bearing aoervuli and apotheoia, becoming 
separated firom the leaves. 

Fig. 2. Artificial infection. Earlier stage, showing discoloured areas (marked .£) sharply 
delinkited by a thickened ring of callus and a second ring developing outside the first. 

{Received 12 February 1936) 
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OBSERVATIONS ON THE BLACK-STEM DISEASE 
OF LUCERNE IN BRITAIN 

By F. W. TOOVEY, J. M. WATERSTON and F. T. BROOKS 

Botany School^ Cambridge 

(With Plate XXXII and 4 Text-figures) 

Introduction 

This disease of lucerne, first reported from the trial grounds of The 
National Institute of Agricultural Botany, Cambridge, during April 1934, 
was brought to the notice of the senior author by Dr Dillon-Weston. As 
the disease seemed to be of some importance and to have escaped atten- 
tion hitherto in this country it was decided to investigate it. It soon 
became apparent that a species of Ascochyta (or Phoma) was probably 
the cause of the disease, which was closely similar in all respects to the 
black-stem disease of alfalfa (lucerne) described in the United States by 
Johnson & Valleau(3), who attributed it to P, Medicaginis Malbr. & 
Roum, Consequently, cultures of species of Ascochyta and Phoma patho- 
genic to lucerne were sought from the United States for conTparison with 
the British fungus. The following cultures were kindly sent: (?) Phoma 
Medicaginis Malbr. & Roum. (Nos. 900 and 1111) by Dr F. R. Jones; 
P. Medicaginis Malbr. & Roum, by Dr E. M. Johnson; (?) Ascochyta 
imperfecta Peck (No. 1135) by Dr F. R. Jones; A. imperfecta Peck (iso- 
lated from lucerne at Kelowna, British Columbia) by Dr R. Sprague. 
Exsiccata were also obtained of .4. Medicaginis Fuck. (det. Fuckel) from 
Mr J. Ramsbottom of the British Museum (Natural History), of A. imper- 
fecta Peck (collected in Ohio, 1927 and det. Sprague), both from Dr Shear 
of Washington and from Dr Sprague, and of the same fungus (collected 
by F. C. Stewart in the United States, June 1908) from Dr F. R. Jones. 
The latter was part of the type collection in the New York State Museum, 
In addition, Dr Jones sent material of (?) Phoma Medicaginis Malbr. & 
Roum. collected by himself at Monroe, Wisconsin, May 1931, 

The disease was studied in the trial plots of lucerne at the National 
Institute of Agricultural Botany and in the leys on the University Farm. 
The disease was also found in Hertfordshire, Suffolk, Norfolk and 
Bedfordshire. It is probably widespread in this country, and Miss 



706 Black-Stem Disease of Lucerne in Britain 

K. Sampson stated in a letter to Dr Dillon-Weston, April 1934, that she 
had noticed a similar disease of lucerne in Wales. 

Field observations 

The most badly affected lucerne plot at the National Institute of 
Agricultural Botany, which was examined in detail on 11 May 1934, 
had been grown from seed obtained from Iraq. The “stand” was very 
poor; some plants were dead or d 3 ring and many shoots were wilted. 
The following symptoms were observed : 

On the stems. Sunken lesions of irregular shape, often at the base of 
the stipules, ^-2^ in. long, varying in colour from dark brown to black, 
with a light brown centre (PI. XXXII, fig. 1). Pycnidia were usually 
present in the old lesions. The lesions partly or wholly girdled the stems, 
sometimes forming “cankers” thereon, and frequently caused wilting 
and death of the shoots. 

On the petioles. Elongated blackish lesions similar to those on the 
stems; necrotic zones at the base caused the leaves to become pre- 
maturely yellow and to wither. 

On the leaf laminae. Lesions of variable size, round or irregular in 
shape, either on the edge or in the middle of the leaflets, dark brown or 
black in colour, occasionally zoned, sometimes becoming paler in the 
centre with age and sometimes surrounded by a yellowish halo (PI. 
XXXII, figs. 2 and 3). The pycnidia were obscure and were not always 
present in the leaf lesions. Leaves bearing many spots rapidly turned 
yellow and withered. 

These symptoms agree precisely with those of the black-stem disease 
of alfalfa (lucerne) in Kentucky described by Johnson k Valleau(3). We 
would like to emphasize the serious nature of the stem lesions, including 
the “cankers”, which may lead to death of the shoots. 

There is evidence in this country, similar to that given by Johnson 
k Valleau in the United States, that a moist spring greatly favours the 
spread of the disease. About the middle of April 1936, there was heavy 
rain at Cambridge, and by the end of the month black-stem injury had 
spread throughout the lucerne stands on the University Farm. The 
intensity of attack depends partly on the nature of the lucerne ley, the 
injury being greater in a pure crop than in lucerne which is a component 
of a “seeds” mixture. 

Three types of leaf infection can be distinguished in the pure ley. 
In the first, the spots are few in number and large in size. The second is 
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characterized by a unilateral attack of the leaflets, which may be due 
to them being folded when infection occurs. The third type of infection 
consists of uniformly small spots. 

It has been the practice on the University Farm to cut the first crop 
of the season early, i.e. at the end of May, which has the advantage of 
delaying flowering. According to investigators abroad, the disease should 
not reappear after the first crop of the season has been cut. On the 
University Farm, however, where the crop was grown as a pure ley, the 
disease reappeared in 1935 about a month after the first crop had been 
cut, but less severely than before, especially as regards stem injury. 
Wet weather in early June doubtless favoured the development of the 
disease in the second crop. In contrast to the practice on the University 
Farm may be cited the treatment on a farm at Bridgham, Norfolk, 
where the first cutting was delayed until 25 June 1935, with the object 
of obtaining a particularly heavy yield of herbage. In early June it was 
noticed that the ''plant” had failed to "come on” ; subsequent examina- 
tion showed that many shoots had been killed by black-stem injury, 
and there was clear indication of the damage that could be caused by 
the disease when unchecked by early cutting of the crop. 

Relative susceptUnlily of lucerne strains 

No strain of lucerne grown at Cambridge was free from the disease 
during the summers of 1934-5, but the one from Iraq was undoubtedly 
the most susceptible. At Bridgham, Norfolk, where there was a four- 
year-old trial of lucerne strains conducted by the National Institute of 
Agricultural Botany, the strains were placed in the following order of 
decreasing susceptibility in 1935: (1) Medanos, (2) English grown and 
Grimm, (3) Provence, Marlborough and Hungarian. 

Description op the fungus which causes 

BLACK-STEM DISEASE OF LUCERNE 

In the stem and leaf lesions globose, ostiolate pycnidia, averaging 
140 /X in diameter and varying from light to dark brown in colour, are 
produced. The pycnospores are hyaline, oval or cylindrical with rounded 
ends, straight or slightly curved, continuous or uniseptate. The per- 
centage of uniseptate spores in a pyonidium is extremely variable, and 
in some collections in the field and in certain cultures all the spores were 
unicellular. Old spores often contain two or more small guttules and 
they may be slightly constricted at the septum. Spores from a leaf of 
naturally infected Iraq lucerne are shown in Text-fig. 1, and spores from 
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a stem of the same variety are shown in Text-fig. 2. Many unicellular 
spores undergo septation prior to germination in water, but this is less 
marked in 2 per cent dextrose and does not occur in carrot decoction. 

The spore size of this fungus is also extremely variable. The degree 
of variation in spore size has been gauged by selecting uniform samples 
of spores which have developed under different conditions. In each 
collection one hundred spores from a single pycnidium were measured 
by means of an oil-immersion lens and a Leitz Filar micrometer eyepiece. 
A selection of the measurements of the spores from lucerne and culture 
media is given in Table I, together with measurements of the spores of 
Ascochyta Medicaginis Fuck, and A, imperfecta Peck from herbarium 
material. The spores of the fungus on malt-extract agar are somewhat 
larger than on Box’s agar. 


CP ^ 









Text-fig. !• 


Text-fig. 2. 


Table I 


Measurements, etc., of spores from hosts and culture media 


Source of spores 
Natural infection: 

1. A. Medicaginis P^jck., det. L. Fuckel, 

18^, leaf 

2. A. imperfecta Peck, roll, and det. 

Sprague, 25. iv. 27, leaf (U.S.A.) 

3. Hungarian lucerne, upper part of 

stem, 13. vii. 35 

4. Hungarian lucerne, lower part of 

stem, 13. vii. 35 

5. Hungarian lucerne, leaf, 15. vii. 35 
Artificial infection : 

6. Iraq lucerne, leaf, 28. ix. 34 

7. Provence lucerne, stem, 24. vi. 35 

8. Provence lucerne, stem, 24. vi. 3.5 
Cultures: 

9. Doz’s agar, 6 months at 5°C. 

10. Doz’s agar, 1 month at room tem- 
perature 


Per- 

centage 

septate 


Length 



Width 


Mean 

Standard 

deviation 

r , 

Range 

Mean 

Standard 

deviation 

Range 

NU 

5-5 

0-57 

4-0- 7-0 

2-2 

016 

1-8-2-9 

35 

11-4 

218 

7-5-15D 

3-5 

047 

20-51 

Nil 

6-4 

1-22 

4'0-10'0 

26 

024 

21-5-5 

68 

71 

0-72 

5 0- 9-4 

2-7 

023 

21-3‘2 

Nil 

7-3 

079 

S-O- 90 

2-8 

029 

2 3-3*7 

Nil 

6-7 

1-20 

3-7- 91 

2-5 

031 

1*7-31 

34 

10-8 

1-83 

0*2-15O 

3-3 

037 

2*04*2 

NU 

5-7 

071 

4*0- 7-5 

24 

024 

i*7-a-2 

7 

9-5 

2-75 

50-17 8 

30 

044 

1-8-40 

Nfl 

5-0 

074 

3-5- 70 

22 

028 

1*5-31 


The fungus isolated from the black-stem disease of lucerne at Cam- 
brij||0 grows readily and produces fertile pycnidia on most media. Many 
isolations have been made from stems and leaves, both with unicellular 
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and with uniBeptate spores, and they are all essentially the same in 
cultural behaviour. There is often a great preponderance of imicellular 
spores in the cultures. The following description refers to cultures, 
3 weeks old, in Petri dishes exposed to light at room temperature, except 
where otherwise stated : 

On potato-dextrose agar the superficial mycelium is greyish olive or 
olive in colour as seen with the naked eye, and the embedded mycelium 
(as seen on the reverse side of the plate) is black or olive-black with an 
irregular whitish margin. There is a somewhat pronounced staling effect. 
The abundant pycnidia, which at first are covered with an evanescent 
mycelial felt, are embedded in a carbonaceous matrix consisting of dark 
brown hyphae and chlamydospore-like bodies. The spore exudate is pale 








0 o 




10 /^ 


lO/I 


Text-fig. 3. 


Text-fig. 4. 


pink and consists chiefly of unicellular spores often containing two or 
more small guttules. 

On 5 per cent malt-extract agar the superficial mycelium is markedly 
olive-green, and the embedded mycelium is black as seen with the naked 
eye. Numerous pycnidia are formed in the mycelial matrix, which con- 
sists chiefly of olive-brown hyphae. 

On Dox’s agar the superficial mycelium is greyish and the embedded 
mycelium is black with an irregular whitish margin. There is a somewhat 
pronounced staling effect. Numerous pycnidia are formed in the mycelial 
matrix which consists chiefly of dark-coloured hyphae. 

On nutrient gelatin growth is rapid and lobate, the medium being 
liquefied. Pycnidia are not formed on this medium. Ascochyta Pisi Lib. 
also liquefies gelatin. 

On sterilized lucerne and MdUotus stems in test-tubes, inoculated at 
the top, a loose cottony mycelium develops which grows downwards for 
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about half an inch ; the lower part of the stem later becomes covered with 
blackish pycnidia. 

The spores become increasingly uniseptate in old cultures. Spores 
from a culture kept at room temperature for 6 months are shown in 
Text-fig. 3, and spores from a culture of the same isolation kept at 6°C. 
for 6 months in Text-fig. 4. 

Cultures of Ascochyta Pisi Lib. were grown side by side with cultures 
of the fungus isolated from the black-stem disease of lucerne. A, Pisi 
is an entirely different fungus. 

It will be convenient now to consider the cultural characteristics of 
the fungi from lucerne sent from the United States for comparison with 
the British fungus, viz. (?) Phoma Medicaginis Malbr. & Bourn. (Nos. 
900 and 1111) from Dr F. R. Jones, P. Medicaginis Malbr. k Bourn. 
(No. 230:18) sent by Dr E. M. Johnson as the cause of black-stem disease 
of lucerne in Kentucky, (?) Ascochyta imperfecta Peck (No. 1136) from 
Dr F. R. Jones, and A. imperfecta Peck from Dr R. Sprague. All of 
these, with the possible exception of No. 900 from Dr Jones, look essen- 
tially the same as the British fungus when grown on potato-dextrose, 
malt-extract and Dox’s agars and on nutrient gelatin in Petri dishes, 
and the spores vary in size and septation in the same way. No. 900 is 
somewhat lighter in colour on Dox’s agar as regards the submerged 
mycelium and does not stale on this medium as do the others ; on malt- 
extract and potato-dextrose agars and on nutrient gelatin it is identical 
with the rest. It is probably only a slightly different strain in comparison 
with the other cultures. White, dendroid crystal aggregates are formed 
in the medium in old cultures of all these fungi on Dox’s agar.^ We have 
come to the conclusion that all these American cultures belong to the 
same species of fungus as that which causes black-stem disease of lucerne 
in this country. Dr F. R. Jones, to whom a culture of the British fungus 
was sent, kindly informs us that he is now of the opinion that all these 
fungi are identical. 


Identification of the fungus 

At an early stage in this investigation we decided that it would be 
preferable to refer the fungus which causes the black-stem disease of 
lucerne in this country to the genus Ascochyta^ rather than to Phoma, 
because of the fairly frequent occurrence of some uniseptate spores. It 

^ Xlhese crystalf have been kindly examined by Dr J. D. H. Wiiemon, Department of 
Mineralogy, Cambridge University, who reports that tiiey are probably a lodinm phosj^iate 
the constants of which have not hitherto been determined. 
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seemed probable that the fimgos was Ascochyta imperfecta, first described 
by Peck (6) in the United States, and investigated by Sprague (7) in 1929. 

On the other hand, Johnson & Valleau(8) were inclined to refer to 
Phoma Medicaginis Malbr. & Room, the fungus causing black-stem 
disease of lucerne in Kentucky, which is undoubtedly identical in 
symptoms with the British disease. In their paper they state that a 
few spores of their fungus were uniseptate. They make no reference to 
Ascochyta imperfecta Peck. 

As stated previously, cultures of Johnson & Valleau’s fungus, of 
other collections of Phoma Medicaginis and of Ascochyta imperfecta from 
North America are indistinguishable from the British fungus, and we 
are disposed to refer them all to Ascochyta imperfecta Peck. On this 
basis, Phoma Medicaginis Malbr. & Roum. (if the American determina- 
tion is correct) is a synonym of Ascochyta imperfecta Peck. The spore 
characters of the dried material of A. imperfecta Peck collected by 
Dr Sprague in Ohio in 1927 and determined by him, and of the type 
material of this fungus from the New York State Museum (collected by 
F. C. Stewart in 1908), which we have examined, agree well with those 
of some of our British collections (e.g. Table I, 2 and 7). Material of a 
fungus on lucerne, collected by Dr F. R. Jones at Monroe, Wisconsin, 
in 1931 and then provisionally named by him as Phoma Medicaginis 
Malbr, & Roum., is also essentially the same as the British fungus. It 
was from this material that Dr Jones established culture No, 900 (referred 
to above). 

With regard to P. Medica^nis Malbr. & Roum., C. Roumegu^re and 
A. Malbranche described it as a new species on dry stems of Medicago 
sativa collected at Rouen in 1885. It was distributed as No. 3675 of 
C. Roumegufere’s Furhgi Gallici Exsiccati. A. Malbranche (Rev. Mycol. 
1886, VIII, 91) refers to it as follows: “3675. Phoma medicaginis Malbr. 
& Roum. sp.nov. (PA. herb. f. medicaginis in Herb.) difffere du type par 
des sporules oblongues, hyalines, plus petites, 3-7 x 1-2-5/i.*’ In this 
description PA. herb. f. medicaginis doubtless refers to Phoma herbarum 
Westend. f. medicaginis Fuckel, which was issued by Fuckel as No. 580 
in Fungi Rhenani and was described in his Symbolae Mycologicae, 1869, 
p. 134. The specimen of PA. herbarum Westend. f. medicaginis (Fungi 
Rhenani, No. 680) in the British Museum (Natural History) has been 
examined, and although few spores were found it appears to be the same 
as the fungus under consideration in this paper. An efiort has been made 
to obtain the type specimen of Phoma Medicaginis Malbr. & Roum, but 
Dr Heim of the Paris Museum informs us that no specimens of this fungus 
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can now be found in the Paris herbaria. In view of the fact that we have 
been unable to examine the type specimen we cannot say with certainty 
that P. Medicaginis Malbr. & Koum. is identical with Ascochyta imper- 
fecta Peck. It has been established, however, that the American fimgus 
on lucerne which has received the name of Phoma Medicaginis Malbr. 
& Roum. is identical with Ascochyta imperfecta Peck. 

Phoma vulgaris Sacc. (Saccardo, SyUoge Fungorum, in, 119) and 
P. anceps Sacc. (loc, cit. p. 120) are also recorded on lucerne stems, but 
their descriptions are meagre and no useful comparison can be made 
between them and the fungus under consideration here. 

Diplodina Medicaginis Oud. (Saccardo, SyUoge Fungorum, xviii, 351) 
reported on Medicago sp. in Holland may be identical with Ascochyta 
imperfecta Peck, but we have not yet been able to examine it.^ 

Table II 


Summary of spore measurements of fungi on lucerne, etc. 



Species 

Mean (p) 

Range (p) 

1. 

* Ascochyta Medicaginis Fuck. 

6-6 X 2-2 

4*0- 7*0 X 1-8-2-9 

1 a. 

A . Medicaginis Fuck. 

6 0-7 0 X 2-5 

5*0- 9-0 X 2 0-3 0 

2. 

Phyllosticta Medicaginis (Fuck.) Sacc. 

— 

6-0- 7 0 X 2-5-3 0 

2 a. 

P. Medicaginis (Fuck.) Sacc. 

— 

8 0-14 0 X 3 0-4-5 

2 6. 

9 9 99 

6 0-0 0 X LO 

— 

3. 

Ascochyta Medicaginis Fuck. 

11-8 X 3*8 

8 0-14-7 X 2-3-4-7 

4. 

A. imperfecta Peck 

— 

6-0-15 0 X 2-5-4 0 

4 a. 

99 

lO e-164 X 2-3-4-3 

— 

4 6. 

99 

121 x3-4 

— 

4 c. 


11-4 X 3*5 

7*5-15 0 x2*6-51 

4d. 


5 7-10-8 X 2 4-3-3 

3 7-15*0 X 1*7-4 2 

6. 

A. Pisi Lib. var. Medicaginis Sacc. 

14-0 X 5 5-6-6 

— 

6. 

Phoma vulgaris Sacc. 

8-0-10-0 X 2-5-3-0 

__ 

7. 

P. herbarum West. f. Medicaginis Fuck. 

10-0 X 3-0 

— 

8. 

P. Medicaginis Malbr. & Roum. 

— 

3*0- 7 0x 10-2*5 

9. 

tf *r 

— 

5*0-12*0x1 •5-2*5 

10. 

Ascochyta Medicaginis Bres. 

— 

16*0-26*0 X 3*5-5 0 


* The boat was Medicago falcata. f The host was Medicago luptUina 


Explanation of Table II 

1. Authors' measurements from British Museum exsiccata, det. L. Fuckel. 

1 a. Determined by Jones (4). 

2. Determined by Comeli(l). 

2 a. Determined by Comeli(l) after spores had swollen in water. 

2 b. Determined by Grove (2). 

3. Determined by Ro8eUa(0). 

4. Determined by Peck (5). 

4 a. Determined by Sprague (7) as the range of means of samples. 

4 b. Determined by Sprague (7) m the grand average of all the means in 4 a. 

4 c. Authors' measurements from exsiccata from Ohio, det. Sprague. 

4 d. Authors' ag^^ate of all the spore measurements of the fungus causing black-stem 
disease of lucerne inBntain. 

9. Determined by Johnson & Valleau(3). 

^ Through the kindness of Prof. B. H. Danser of Groningen the type specimen has now 
been exammed. Diplodina Medicaginis Oud. is undoubtedly identical with Ascochyta 
imperfecta Peck. 
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In 1929 Ro8ella(6) described a disease of lucerne in France which he 
attributed to A, Medicaginis Fuck., and in 1932 Comeli(i) investigated 
a similar disease in Italy which he referred to Phyliosticta Medicaginis 
(Fuck.) Sacc. Unfortunately, it has been impossible to obtain material 
of these diseases or cultures of the fungi with which these authorities 
worked. The symptoms of the diseases they describe are similar to those 
of the black-stem disease in Britain, and it may well be that the causative 
fungus is the same, viz. Ascochyta imperfecta. For instance, Comeli states 
that the spores of his fungus are occasionally uniseptate and that uni- 
cellular spores mostly become septate when germinating in water, features 
which are characteristic of the British fungus. A. Medicaginis Fuck, is 
a synonym of Phyliosticta Medicaginis (Fuck.) Sacc., which Jones (4) 
has shown to be the conidial stage of Pyrenopeziza Medicaginis Fuck. 
Jones (i) points out that a characteristic feature of the fungus is the 
regular linear arrangement of the pycnidia in the affected leaves, which 
we can confirm after examining material of Ascochyta Medicaginis Fuck, 
in the British Museum. Neither Corneli nor Rosella refers to this feature. 

Ascochyta Pisi Lib. var. Medicaginis Sacc. should probably be in- 
cluded in A. imperfecta Peck, as suggested by Sprague (7).^ 

A. Medicaginis Bres. is specific to Medicago luptdina and is probably 
different from Ascochyta imperfecta Peck. 

A summary of the spore measurements of most of the fungi mentioned 
above is given in Table II, In view of the wide range of the spore 
measurements of British and American field collections and cultures of 
Ascochyta imperfecta no great reliance can be placed merely on such 
measurements in the determination of these species. 

Inoculation experiments 

In order to test the pathogenicity of the fungus isolated from the 
lesions, lucerne plants which had been grown from seed in a greenhouse 
were inoculated with a spore suspension from a culture, and were then 
kept under a bell- jar in a cool place. All inoculations, both of wounded 
and unwounded plants, were successful, lesions appearing on the stems 
and leaves in 6 days. Wounding facilitated the progress of the fungus 
during the early stages of infection. The fungus was reisolated from the 
lesions. The stems of older plants were also inoculated, after surface 

' Dr F. R. Jones has suggested that Bhobdospora {Septoria) aUanioidea (B. & C.) Sacc. 
{SyUoge Fungcruniy ni, 580), collected by Michener in Pennsylvania in 1874, may be 
identical with Ascochyta imperfecta Peck. The type specimen in the Kew herbarium has 
been examined. It may be the same fungua, but we cannot be certain as we could not 
obtain a good preparation of the spores. 



714 Black-Stem Disease of Lucerne in Britain 

sterilization, by applying wads of cotton-wool saturated with a spore 
suspensioD of the fungus and covered with tinfoil. A month later about 
half of the inoculated plants were found to be heavily infected; some 
stems were cankered and others were killed nearly to the base. The 
fungus was again reisolated from the pyonidia. 

Infection of lucerne plants about 3 months old was also achieved in 
the open. In this experiment a row of each of the following strains of 
lucerne was sprayed with a spore suspeusion on 11 August 1934, another 
row of each being kept as a control: Iraq, Provence, English grown, and 
Hungarian. Six weeks later all strains showed typical brownish black 
lesions. The Iraq strain was more severely affected than the others and 
some of the stems had been killed. The fungus was reisolated from the 
pycnidia. At this date the control rows were healthy, but they subse- 
quently became infected, presumably from the inoculated rows. 

In order to test the host range of the fungus the following leguminous 
plants were inoculated simultaneously: Pisum sativum var. English 
Wonder, Vicia Faba, F. saliva^ Trifolium pratmse, T, repens, Medicago 
saliva, and M, lupulina. For comparison a parallel series of inoculations 
was made with Ascochyta Pisi Lib., freshly isolated from peas. The 
plants were sprayed with spore suspensions and were kept under bell- jars 
The results were as follows : 

Pisum sativum. Infection by Ascochyta Pisi, but not by A, imperfecta, 

Vicia Faba, No infection, 

Vida saliva. No infection by Ascochyta Pisi, but slight spotting of 
the leaves was caused by A. imperfecta. 

Trifolium pratense. No infection by Ascochyta Pisi, but lesions similar 
to those on lucerne were produced on the laminae and petioles by 
A, imperfecta, together with some leaf scorch. 

Trifolium repens. No infection. 

Medicago saliva. No infection by Ascochyta Pisi, but typical lesions 
produced by A. imperfecta, 

Medicago lupulina. No infection by Ascochyta Pisi, but lesions similar 
to those on lucerne were produced by A, imperfecta. 

Thus Ascochyta imperfecta can infect Trifolium pratense under arti- 
ficial conditions. This is in agreement with the results of Sprague ( 7 ). It 
is of interest also that Johnson & Valleau(8) were able to infect red clover 
with the fungus which causes black-stem disease of lucerne in Kentucky. 

Finally, a series of inoculations of young Iraq lucerne plants in a 
greenhouse was carried out simultaneously with a culture of the British 
fungus and with the five cultures sent from North America. All gave 
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rifle to identical types of lesions, which produced pycnidia and spores 
indistinguishable from one another. This is further proof that the five 
American cultures belong to the same species as the British fungus. 


Discussion 

Black-stem disease of lucerne has been under observation by the 
authors for two years. It is somewhat remarkable that the disease has 
not hitherto been recorded in this coirntry. This may be due to confusion 
with the disease caused by Pseudopeziza Medicaginis (Lib.) Sacc., al- 
though the symptoms of the two diseases are distinct. In a wet spring, 
such as that of 1935, the loss of herbage caused by black-stem disease 
must be considerable. The disease certainly assumes economic importance 
when lucerne is grown on a large scale for manufacturing luceme-meal. 
Such a venture has recently been started at Southacre, Norfolk, where 
more than 2000 acres are being grown. One of us was asked to investigate 
the cause of the discoloration and death of the shoots there during the 
summer of 1935. The damage proved to be entirely due to Ascochyta 
imperfecta. As the quality of the luceme-meal depends on the colour of 
the foliage and the leaf /stem ratio, the serious nature of this attack can 
be appreciated. 

The fungus imdoubtedly overwinters in dead lucerne shoots, whence 
infection of the new shoots occurs in spring. It has been repeatedly 
isolated from dead lucerne stems during winter and early spring. Any 
measure which removes these dead shoots is likely to reduce primary 
infection in the new growing season. Johnson and Valleau(3) state that 
winter grazing by sheep achieves this in Kentucky, and similar benefit 
would probably accrue in this country. 

Observations here indicate, however, that a simple method of control 
of black-stem disease lies in cutting the first crop of herbage early in the 
spring. In this way the first crop is harvested before leaf and stem 
injury is severe. Later crops in the same season are never so seriously 
afiected as is the first crop when the cutting of this is delayed. It is the 
practice on the Cambridge University Farm to cut the first crop of the 
season at the end of May. 
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Summary 

1. Black-stem disease of lucerne, which may result in a serious loss 
of herbage, is recorded in this country for the first time. 

2. The disease first appears on the young shoots early in spring. It 
is characterized by large, irregular, brownish or blackish lesions on the 
leaves, petioles and stems. Severe attack of the stems may involve the 
formation of “cankers” and may lead to wilting and death of the shoots. 

3. The cause of the disease is a species of Aacochyia which has been 
determined as A, imperfecta Peck. The dimensions of the spores and the 
percentage of uniseptate spores in the pycnidia are extremely variable. 
Some field collections and cultures of the fungus possess only “phomoid ” 
(i.e. unicellular) spores. 

4. The characteristics of the fungus in culture are described. It has 
been compared with cultures of Aacochyia imperfecta Peck and Phoma 
Medicaginia Malbr. & Roum. from North America. All the American 
cultures agree with the fungus isolated from black-stem disease of lucerne 
in Britain. It is concluded that the fungus which has been referred to 
as P. Medicaginia Malbr. & Roum. in the United States is synonymous 
with Aacochyia imperfecta Peck. This opinion is substantiated by the 
formation of identical types of lesions on lucerne by the cultures sent 
from North America and by the British fungus in simultaneous inocu- 
lation experiments. 

5. Herbarium material of Phoma Medicaginia and Aacochyia imper- 
fecta, including type material of the latter, sent from the United States 
has been compared with British material of the black-stem disease of 
lucerne. It is concluded that the fungus in all these collections is the 
same, viz. A. imperfecta Peck. 

6. Under artificial conditions A, imperfecta can also infect Medicago 
lupulina and Trifolium praienae, but it has not been found on these 
hosts in the field. 

7. Aacochyia imperfecta overwinters by means of pycnidia in dead 
lucerne stems. 

8. The black-stem disease of lucerne can be held in check by early 
cutting of the first crop each season. 
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EXPLANATION OF PLATE XXXII 

Fig. 1. Blaok-stem disease of stems of Iraq lucerne, April 1935. x 1. 

Fig. 2. Leaflets of Iraq lucerne with various types of lesions caused by Ascochyta imper- 
fecta Peck. X 1 . 

Fig. 3. Leaves of Iraq lucerne showing the two extreme types of infection met with in 
the field, x 1. 
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I. Introduction 
General 

The injury caused by common scab, Actinomyces scabies (Thaxt.) Qiiss., 
to the potato tuber may be regarded from different aspects. From the 
culinary point of view the actual loss is not great except in the case of 
badly affected samples which necessitate a deeper peeling of the tubers. 
Nevertheless, the fact remains that scabbed potatoes are unsightly and 
unpopular with the housewife. Many farmers dispose of the most severely 
affected portion of the crop by feeding it to livestock, a practice which 
is economically unsound except in years of low prices. During storage 
there is a greater liability of scabbed tubers becoming affected with 
rot-producing organisms such as Fusarium spp., while, irrespective of 
this, it has been shown (12) that scabbed tubers lose more weight during 
storage than sound tubers. 

The disease, however, is most serious in the case of tubers used for 
seed. The possibility of introducing the disease by the use of scabbed 
seed must be avoided wherever practicable, and the experiments described 
in this paper were undertaken with the object of determining to what 
extent common scab may be controlled in the resultant crop by seed 
tuber disinfection. A survey of the literature dealing with the work 
carried out in connexion with the control of this disease indicates that, 
apart from seed tuber disinfection, methods involving soil treatment 
and the use of resistant varieties have been investigated and before 
proceeding to a description of the tuber disinfection experiments a short 
summary is given dealing with control methods in general. 

Green manuring 

The strains of Actinomyces scabies which cause common scab are 
widespread and have been recorded in many types of soil and under a 
wide range of environmental conditions. It would appear, however, that 
the disease is most prevalent on light gravelly soils of low humus content 
with an alkaline or slightly acid reaction. Temperature and moisture also 
play important roles; a high temperature and a low moisture content 
of the soil being predisposing factors in the production of a severely 
scabbed potato crop. Millard (is), from the study of the hydrogen-ion 
concentration of a large number of soils in which scab was known to be 
prevalent, came to the conclusion that the amount of humus present is 
of more importance than the soil reaction. He also showed that a very 
appreciable amount of control could be obtained by green manuring, 
which entails the ploughing in of a green crop (rye, mustard, vetches. 
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etc.) or the application of green material (grass cuttings, spent hops, 
etc.) to the furrows before planting. Millard explained the beneficial 
effect of green manuring by his “Preferential food” hypothesis. Later 
Sanford (21) suggested that the success of green manuring is due to the 
inhibiting influence of certain micro-organisms on the development of 
A, scahies. Pot experiments by Millard & Taylor (19) indicated that the 
failure in some cases of green manuring to control scab is due to the 
absence from the soil of certain saprophytic species of Actinomyces, the 
growth of which is encouraged by green manuring and leads to the 
suppression of the scab organisms. 

Apart from the uncertainty of control the adoption of green manuring 
in ordinary farm practice adds to the cost of production and, so far, the 
use of this method has not become widespread. 

Use of sulphur 

The control of scab by the application of sulphur to the soil has been 
investigated in the United States and Canada. The results, however, 
have been even more inconsistent than those from green manuring, and 
sulphur has not proved effective on all soils and under all conditions. 
The beneficial effects of sulphur would appear to be mainly due to the 
increased acidity of the soil following its use, the sulphur being oxidized 
by micro-organisms present in the soil. Martin (14) points out that when 
these organisms are absent it is necessary to supply them and he has 
obtained better control by the use of sulphur inoculated with the appro- 
priate organisms than with similar amounts of uninoculated sulphur. 
He is also of the opinion (is ) that, apart from the increase in acidity, the 
disinfectant action of sulphur also plays a part in the reduction of scab. 
The failure of sulphur has been connected with the time of application, 
and Taylor (26) has obtained control when the sulphur was applied after 
the spring ploughing but not before ploughing. Barrus & Chupp(2) report 
that sulphur is more effective on light soils. Dippenaar(32) obtained the 
best control by an application of sulphur combined with liberal irrigation 
of the soil 

Where green manuring alone and sulphur alone have failed a com- 
bination of the two treatments has proved effective (29), but failures by 
this method have also been reported (SO). In addition to the somewhat 
erratic results obtained by the use of sulphur there is a serious danger 
of reduction in yield following its application. This reduction has been 
prevented (81) by the combined treatment of sulphur and green manuring, 
but the costliness of the method is a drawback. 
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Use of Ume and fertilizers 

The effect of lime and fertilizers is by no means a straightforward 
problem. In general the use of physiologically acid fertilizers, e.g. am- 
monium sulphate and superphosphates, tends to reduce the incidence of 
the attack, while substances such as lime and basic slag cause an increase. 
According to Millard (is ) the action of lime on scab production may 
depend upon the soil reaction, its effect in neutral soils being negligible, 
while in the case of acid soils its application aggravates the occurrence 
of the disease unless the soil is rich in humus. Sibilia(25) in Italy and 
Schlumberger(24) in Germany both record experiments where a reduction 
of scab was effected by the application of lime. Bolley(5) and Rang( 20 ) 
obtained some control with calcium cyanamide, but Eichinger(7) found 
an increase in scab when this substance was used. 

Soil disinfection 

The effect of sulphur and artificial fertilizers on the incidence of scab 
is of an indirect nature and is considered to be due to a resultant change 
in the hydrogen-ion concentration of the soil. A method more direct in 
its action is the incorporation in the soil, before planting, of small quan- 
tities of certain mercury compounds with the object, evidently, of disin- 
fecting the soil. Martin (16) has obtained very promising results with 
mercurous chloride (calomel), mercuric oxide (yellow oxide of mercury) 
and certain organic compounds of mercury. Van der Slikke(27) obtained 
successful results by the treatment of the planting holes with 0*25 1 . of 
a 0*1 per cent mercuric chloride solution. Flutchey & Muncie(8) as 
a result of three years’ field and greenhouse trials report the failure of 
mercury compounds. Taylor (32) found that the use of inorganic and 
organic mercury compounds increased scab in the high limestone regions 
of New York State, 

Summarizing, none of the numerous soil treatments adopted has 
been successful on all soils and under all conditions, the success or failure 
being, undoubtedly, closely connected with such factors as hydrogen-ion 
concentration, humus content of the soil, the presence of certain micro- 
organisms in the soil, moisture and soil temperature, any ope or all of 
which may have a marked influence on the result. 

Resistant mrieties 

The development of potato varieties highly resistant or immune to 
common scab would provide an ideal means for the prevention of the 
disease. This aspect of the problem has received attention in Germany 
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and Amerioa. The results obtained indicate that some varieties are highly 
resistant, but these are not necessarily those which are most popular 
with the fanner. Until resistant varieties have been produced which 
are capable of replacing the popular susceptible varieties which are so 
much grown, other methods of control must warrant serious attention. 

Seed tvher disinfedion 

The numerous reports on the efficacy of seed-tuber disinfection for 
the control of scab indicate that this method has not been more successful 
than those already considered. The disinfection of the seed tubers before 
planting ensures against the risk of introducing A. scabies into scab-free 
land by the planting of scabbed seed. The general opinion, however, is 
that owing to the ubiquity of A, scabies in the soil, infection through 
the medium of the soil is more probable than that arising from the 
planting of afiEected tubers, in which case seed treatment would not 
provide control. 

Sanford (22) foimd that A, scabies grew vigorously in soil practically 
in contact with potato tubers which had received any of the standard 
potato seed treatments. His results suggest that the incidence of scab 
on a potato crop is wholly dependent on the natural infection of the soil. 
MacLeod & Hurst (13) maintain that seed treatment will give only partial 
control, and eiBEective control necessitates a combination of seed treat- 
ment and cultural practices which will correct the soil conditions pre- 
disposing to the disease. Taylor (32) records an increase in scab in limestone 
regions when the seed tubers were treated with mercury compounds 
prior to planting. Under the same conditions he found that a formalde- 
hyde treatment reduced the disease. 

Since their introduction towards the end of the last century by 
Arthur (1) and Bolley(4) the mercuric chloride and formaldehyde steep 
methods of tuber disinfection have been employed extensively in the 
United States for the control of scab. Other methods of tuber disinfec- 
tion have also been used and, although the results have often been 
disappointing, in many cases tuber disinfection has proved to be a very 
effective means of control. It was thought that this fact coupled with 
the extreme practicability of the method warranted an investigation 
imder Northern Ireland conditions. 

The work was oommenced on a small, scale in 1932 and, as very 
promising results were obtained, more extensive trials were carried out 
during the subsequent years. Formaldehyde and compounds of copper 
and of mercury were used as tuber disinfectants, and the first part of 
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the inveBtigation deals with the efficiency of these materials. During 
1934 and 1935 a number of tests were laid down on farms in County 
Down and County Armagh where scab was known to be prevalent. 

In all the experiments very severely scabbed seed tubers were planted 
so that the particular fungicide was subjected to a severe test. The usual 
routine farm methods of potato culture were followed. The potatoes were 
harvested at the usual time, towards the end of September or during 
October, and at harvest the tubers were divided into two classes, scabbed 
and noU’Scabbed, a tuber showing any scab infection being counted as 
scabbed. The percentage by weight of scabbed tubers was then calcu- 
lated. In many cases a small amount of infection with powdery scab 
(Spongospora subterranea) was present on both the seed and the produce. 
The incidence of powdery scab was in all cases insignificant, and it was 
found to be unnecessary to differentiate between the two diseases. 

II. The Hillsborough experiments — comparison of fungicides 

General 

Much of the technique of tuber disinfection has been developed for 
the control of Corticium Solani (stem canker), but it is generally considered 
that a method which is effective in killing the sclerotia of this fungus 
on the potato tuber should be at least equally effective for the destruction 
of the common scab pathogene. Satisfactory control of scab has been 
obtained by both the dry and wet methods of tuber disinfection, but, 
on the whole, the dry treatments, which consist of dusting the tubers 
with such substances as sulphur, “formaldehyde dust’* and various 
proprietary organic mercury dusts, have not been so successful as the 
wet treatments and for this reason were not used in these experiments. 

The following experiments were carried out at the Agricultural Re- 
search Institute, Hillsborough, County Down. After treatment the seed 
was stored in sprouting boxes till planting time, when it was planted in 
land which had not borne a potato crop within living memory. The plots 
were arranged at random and in most cases were replicated. Each plot 
in most of the experiments consisted of one drill 12 yards long, the same 
number of “sets’* being planted per plot. 

Farmyard manure was not applied to any of the plots on account of 
the possibility of introducing scab-producing organisms through this 
medium. The manurial treatment given was 1 part sulphate of ammonia, 
4 parts superphosphate and 1 part muriate of potash applied at the rate 
of 9 cwt. per acre. 
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The use of mercuric chloride and formaldehyde as tuber disinfectants 

The formaldehyde and mercuric chloride steep methods as introduced 
by Arthur and Bolley consist of the immersion of the tubers for a period 
of 1-5-2 hours in a weak solution of the particular fungicide, formaldehyde 
being used at the concentration of 1 pint of formalin (40 per cent 
formaldehyde) to 30 gallons of water (i.e. 1 : 240) and mercuric chloride 
at a 0-1 per cent concentration. Where tuber disinfection has been suc- 
cessful for the control of scab these treatments have been regarded as 
efficient, but the time required for the actual treatment is a disadvantage. 
To reduce the time factor Melhus{i7) devised the hot mercuric chloride 
and formaldehyde methods, where, by holding the temperature of the 
disinfecting solution at 48-50° C., the time of the steep was reduced to 
5 min. The hot treatments, however, have the disadvantage of requiring 
more elaborate apparatus and also the necessity of maintaining an 
accurately controlled temperature. Cunningham (6) found that the addi- 
tion of a small quantity of hydrochloric acid to the mercuric chloride 
solution greatly increased the effectiveness of the latter, and that a 
6-min. steep in this acidulated solution was sufficient. 

All the above methods are now recognized as standard for tuber 
disinfection, but a simpler method would find greater favour in farm 
practice. 

Mercuric chloride and formaldehyde were used as 90 -min. steeps in 
experiments during the three seasons 1932-4 and the results obtained 
are given in Table I. 


Table I 


Comparison of mercuric chloride a'nd formaldehyde steeps 


Year and yarietj 


1932 

1933 
1938 


Airaa Crest 
Kerr's Pink 
Up-to-Date 


(») 
( 6 ) 
(e) 

1934 Airaa Consol |a) 

(«) 
( 6 ) 
<e) 

Average 


1934 Up-to-Date 


Percentage of scabbed tnbers by weight 
, * , 



No 

Formaldehyde 

(1:240) 

0-1 % mercuric 
cmoride 

treatment 

90-min. steep 

90-min. steep 










f 


/ 



Average 


Average 


Average 

45-3 

45-3 

28-1 

28-1 

17-4 

17-4 

43-3 

43-3 

23-1 

23-1 

0-0 

0-0 

67-6 ] 


9-8) 


0 - 0 ] 


630 

60-3 

6-1 

6-9 

0-0 

0-3 

60*3 


1 - 8 ) 


0 - 8 ] 


85-71 
84*7 j 

1 85-2 

35-81 
67-0 f 

51-4 

8-41 
88-7 j 

[ 23-6 

69-5] 


18-6) 


8-01 


59-4 

• 62-7 

18-8 [ 

17-4 

4-5 

3.7 

59-1 i 


14-7) 


3-6 J 


62-8 


22-4 


7-6 
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These results indicate that the planting of scabbed non-disinfected 
seed potatoes in land which has not borne a potato crop for a large 
number of years may give rise to a very high percentage of scab in the 
resultant crop. The disinfection of the seed before planting by either the 
formaldehyde or mercuric chloride steep methods gave a marked re- 
duction in the incidence of the disease. Mercuric chloride, however, was 
much more effective than formaldehyde, and, as this point first became 
evident in 1932, this method was included and was regarded as a standard 
for comparison in all subsequent experiments to test the efl&ciency of 
other fungicides. 

Mercuric chloride as an instantaneous dip 

The instantaneous dip method of tuber disinfection entails the im- 
mersion of the tubers in the fungicide for a period of ^1 min. and has 
the pronounced advantage of reducing to a minimum the time required 
for the actual treatment, a factor of primary importance to the farmer. 
During 1934 and 1935 mercuric chloride was tested as an instantaneous 
dip at concentrations varying from 0*1 to 2*0 per cent and the results 
obtained are shown in Table II. At concentrations from 0*5 to 2*0 per 
cent the control of scab was excellent and practically as good as that 
obtained by the steep for 90 min. in a 0*1 per cent solution. 0*25 per cent 

Table II 

Comparison of instantaneous dips in mercuric chloride 
with the 90-min. steep 

Percentage of scabbed tubers by weight 

A 

1934 1935 1935 

Majestic Arran Consn] Kerr's Pink 


Average Average Average 


No treatment : 


(“) 

8P5\ 


71*3) 


69*6 1 




(6) 

(e) 

83*6 [ 

82*6 

75 11 
76*2 f 

77 0 

52*9! 
66*4 f 

61*0 



W 

- 1 


85*5) 


54*9) 


0-1 % merourio 
90-min. steep: 

chloride 

(<») 

(6) 

5*3) 
10*7 i 

8*0 

15*9 » 
14*01 

160 

11*4) 

IlOf 

11*2 

Instantaneous 
dip in merourio 
ohJoride : 

0-1 % 

(«) 

(6) 

271) 
46 5 f 

36*8 

54*3) 
42*0 [ 

00 

■v* 

23*7) 
21*6 f 

22*7 

0-2« % 

1 (®) 
(6) 

=1 

— 

17*31 
29*6 f 

23*5 

12*9) 
14*3 1 

13*6 


0-6 % 

(“) 

(6) 

n\ 

1*5 

10*9* 
19*9 f 

15*4 

16*3) 
16*3 f 

16*3 


1-0 % 

(?) 

(4) 

9*6) 

2*9/ 

6*3 

12*0) 

10*8; 

11*4 

12*9) 
17*6 f 

15*3 


2-0% 

(a) 

(4) 

=1 

— 

6*5) 

10*0/ 

8*3 

7*4) 

19*4; 

13*4 
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gave reasonably good oontrol, but the 0*1 per oent instantaneous dip 
was not satisfactory. The 2*0 and 1*0 per oent dips caused a marked 
depression in foliage growth, but this depression disappeared about 
12 weeks after planting. The effect of treatment on growth and on the 
yield is discussed in a later section of the paper. 

Mercuric chloride v. copper sulphate and Burgundy mixture 
The Northern Ireland farmer is well acquainted with the preparation 
of Burgundy mixture for the oontrol of potato blight, and as copper 
sulphate is easily procured in all districts these compounds were tested 
as tuber disinfectants. Copper sulphate was employed as a 90-min. steep 
and also at various concentrations as an instantaneous dip. 2 per oent 
Burgundy mixture (8:10: 40) and 6 per cent Burgundy mixture 
(20 : 26 : 40) were used as instantaneous dips. The results are shown in 
Table III. 

It will be seen that all the copper sulphate and Burgundy mixture 
treatments gave an appreciable reduction in the incidence of scab. None 
of the treatments, however, proved so effective as mercuric chloride, 

Table III 

Comparison of mercuric chloride and copper fungicides 


Percentage of scabbed tubers by weight 

1934 1936 1936 

MajMtic Arran Consul Kerr’s Pink 





Average 



Average 

f 

Average 

No treatment: 

(a) 

81*6 1 


79*1, 


62*8) 



(6> 

(c) 

83*61 

82*6 

72*8' 
82*8 1 

80* 1 

46*1 [ 
63*7 1 

64*0 


(<i) 

— 1 


86*5 1 


54*41 


0*1 % mercuric chloride 
90-min. steep: 

(а) 

(б) 

6*31 
10*7 1 

[ 80 

26*21 
22*6 1 

24*4 

16*11 
8*9 f 

12*6 

0*1 % copper sulphate 

(a) 

- 1 

1 

26*31 

32*8 

26*7) 

24*6 

90-min. steep: 

(6) 

- 1 

f “ 

39*3 f 

23*3) 

Instantaneous 0*25 % (a) 

dip in oopper \h) 

=1 

— 

31*51 
54*2 f 

42*9 

21*21 
46*9 [ 

34*1 

sulphate: 0*6% 

(») 

(&) 


— 

33*61 
36*4 f 

36*0 

29*41 
28*6 f 

29*0 

1*0% 

(а) 

(б) 

— 1 
- 1 

— 

32*61 
43*9 j 

38*3 

16*31 

22*1/ 

19*2 

2*0% 

(а) 

(б) 

=1 

— 

40*11 
29*0 [ 

34*6 

24*11 

20*9) 

22*6 

4*0% 

(а) 

(б) 


— 

31*01 
27*0 f 

29*0 

18*81 
17*6 f 

18*2 

Instantaneous 2*0 % 

dip in Burgundy 
mixtur©: 6*0% 

(a) 

(t) 

iS 

29*41 
23*3 1 
17*11 
14*9) 

26*4 

16*0 

36*41 
35*6 f 
39*51 
25*0) 

36*0 

32*3 

18*8 1 
16*3) 
16*11 
16*1} 

17*1 

16*1 
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while the higher concentrations of copper sulphate and 5*0 per cent 
Burgundy mixture had the further disadvantage of causing a severe 
depression in growth. In the case of the experiment with Arran Consul, 
the high incidence of scab throughout may be attributed to infection 
from the soil. The site of this experiment was adjacent to land which 
had borne a scabbed crop in the previous season, and infection of the soil 
was presumably brought about during the process of cultivation. 


Mercuric chloride v. organic mercurials 

During the last deccule numerous organic mercury compounds have 
been recommended as short-period steeps or as instantaneous dips for 
the control of common scab and C. Solani. Proprietary materials of this 
type have been used by American workers, who have found some of 
them to be more efiective than others; in some cases they have given 
as good results as the recognized standard mercuric chloride and form- 
aldehyde treatments. At present a 15-min. steep in a solution of an 
organic mercurial is commonly practised in Holland for the control of 
C, Solani, 


Table IV 

Comparison of mercuric chloride steep and organic mercurial steeps 
Percentage of scabbed tubers by weight 


0*16%lS.min. 

steep: 


(c) 

id) 


1933 


Up- to- Date 


No treatment: (a) 

( 6 ) 
(e) 
id) 

0-1 merourio (a) 
ohlonde 90-iiiiii. {b) 
steep; (e) 

(d) 

OrgMtio merouriftl A ; 

016%90-niin. (a) 
steep: (ft) 


57-6 I 
630 
60*3 j 

00 , 

0 - 0 ’ 

0 * 8 ; 


60-3 


0-3 




Up-to-Date 
otock A 


Average 


Average 


69*5 

59*4 

59*1 

30 

4*5 

3*6 


62*7 


3*7 


11*4) 

13.1 

190 r 


1934 


Up-to-Date 
Stock B 


Arran 

Victory 


Average 


63*8) 

321 


3*7 

8 


(•7) 

•2 


18-4 \ 

11 * 8 | 

21 * 6 , 

31-6 [ 


48*0 


6*0 


16* 1 


26*6 


Average 


61*2) 
63*1 1 
69*7 I 
68*5 1 
11*8 
9*2 
6*6 
4*8 


tl\ 

itl\ 

15*2) 
13*61 
30*81 
16*3 1 


66*7 


7*8 


6*2 


18*7 
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In the 1932 experiment with the variety Arran Crest a 15-min. steep 
in a 0*15 per cent solution of an. organic mercurial was used, and the 
percentage of scab in the resultant crop was 6*2 per cent, a figure which 
compares very favourably with the 17*4 per cent given by the mercuric 
chloride steep. The same organic mercurial was tested in 1933 and 1934, 
15- and 90-min. steeps being compared with the standard mercuric 
chloride steep (see Table IV). A satisfactory reduction in the incidence 
of scab was obtained, but on the whole the organic mercurial was not 
so efficient as mercuric chloride, and especially so when used as a 15-min. 
steep at 0*16 per cent. The 90-mm. steep at the same concentration was 
more promising as was also the 15-min. steep at 0*25 per cent. The latter, 

Table V 

Comparison of steeps and instantaneoiLS dips in organic mercurials 


Percentage of scabbed tubers by weight 



f 

1933 

Up-to-Date 

A 

1934 

Up-to-Bate 

Stock A 

A 


1934 
^ to- Date 
took B 


! 

Average 

f 

Average 

f 

Average 

No treatment : (o) 

67-6 

) 

68-3 

1 

62*6 


(b) 

630 

[ 60*3 

61-7 

[ 56*0 

48-3 

64*8 

(c) 

60-3 

) 

— , 

1 

63*6 


0-1 % mercuric (a) 

00 

1 

— 1 

1 

— 1 


chloride (6) 

0*0 

\ 0*3 

1 


1 

— 

90-min. steep: (c) 

0-8 

i 


1 

— J 


Steeps in organic mer- 







onnals A and B : 







A (0) 



24*3 

1 

2*4] 


0-16 % (6) 

1 

— 

21*9 

23*1 \ 

7-8 

3*8 

16 min. (c) 



— - 

} 

l-3j 


B (o) 

— 


47*3 


19*2 


0-16% (6) 

— 

— 

22*6 

34*9 

13*8 

13*0 

16 mm. (c) 

— ^ 


— , 


6*1; 


A (a) 

0*4 

1 





1 

0*26 % (6) 

0*9 

1-7 

— 

— 

— 


16 mm. (c) 

3-7^ 

) 

— , 


— , 

1 "" 

Instantaneous dins in 
organic meronriais 







A and B: 







A (a) 

— 1 


18*6) 


3*8 


0-6 % (6) 

- 

— 

14*6 

16*6 

3*3 

1 4*1 

(c) 

-) 


— ^ 


6*2 


B (a) 

— ) 


86*2) 


26*0 


0-8 % 6) 

- 


18*9 

27*6 

16*1 

16*9 

(«) 

-) 


~ j 


9*6] 


A M 

0*6] 

1 

0*1] 


0*0 


1-8 % 

2*0 

1*2 

6*2 

7*7 

2*8 

1«4 

(e) 

1*0 

1 



1*4 


B («) 

3*61 


18*4) 


3*8 1 


!•»% (6) 

OK) 

1*8 

19*3 

18*9 

2*9 

3«6 

(e) 

0*2) 


- j 


3*8 J 
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however, was used only in one season, 1933, and from these results alone 
no definite conclusions can be drawn. 

Further experiments to compare instantaneous dipping and steeping 
in solutions of organic mercurials were carried out, and the results ob- 
tained are shown in Table V. The mercuric chloride steep was included 
in the 1933 experiment only. Two proprietary organic mercurials 
(A and B) were used and proved to be more effective as instantaneous 
dips at strengths of 06 and 1*6 per cent respectively than when used 
as 15-min. steeps at lower concentrations. Material A used as a dip at 
0*6 per cent was as efficient as B used at 1'6 per cent, while the amount 
of scab control in each case was entirely satisfactory. 

The use of organic mercurial A as an instantaneous dip at various 
concentrations was also compared with the mercuric chloride steep. This 
material was recommended by the manufacturers to be used as a 15-min. 
steep at 0-16 per cent and the following concentrations, 0*05, 0-15, 0-45, 
1*36 and 4‘06 per cent, were used for the work. From the results given 
in Table VI it will be seen that the incidence of scab varied inversely 
with the concentration of the fungicide used. It must, however, be noted 
that severe growth depression in the crop resulted from the use of a 
concentration of 4*06 per cent. 

Table VI 

Comparison of mercuric chloride steep and instantaneous dips 
in an organic mercurial 

Percentage of scabbed tubers by weight 

A 

1934 1934 

Arran Victory Up-to-Date 






Average 


Average 

No treatment : 


(“) 

(6) 

62-2) 
66-5 f 

59*4 

52-2) 
48*6 f 

60-4 

01 % mercuric 

chloride 

(“) 

SOI 

5*3 

7*2) 

6-2 

90-min. steep: 


(6) 

2-5 f 

6*1 [ 

Instantaneous dip 
in organic mer- 

0 08 o/o 

(6) 

65 01 
30*6 f 

42*8 

36*8) 
46-3 r 

41 6 

curial A: 

016 % 

IS 

28*4) 
28-2 f 

28*3 

3301 

25*5/ 

29*3 


0*46% 

(«) 

(6) 

18*31 
22*5 [ 

20*4 

16*51 

15*6f 

16*1 


1-86% 

(«) 

(8) 

8*41 
7*3 f 

5*4 

9*1) 

7-if 

8*3 


4-06% 

(a) 

2*11 

1*8 

ill 

1*5 



(8) 

1*5 f 

1*6 f 


In 1936 materialB A and B were again naed as instantaneous dips at 
oonoentrations ranging £rom 0'6 to 3*0 per cent, the results obtained 
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being shown in Table YII. The use of both materials gave a very appre- 
ciable reduction in the incidence of scab, which was especially marked at 
the higher concentrations employed. When used at the higher concen- 
trations material B caused no growth depression, but A caused depression 
at strengths of 2*0 and 3*0 per cent. 

Table VII 

Comparison of mercuric chloride and organic mercurials 

Percentage of scabbed tubers 
by weight 

lesd 

Kerr's Pink 






Average 

No treatment : 


(«) 

46-7 1 




(6) 

(c) 

50-3 

471 

49-9 



(d) 

66 Z 


0*1 % mercnric chloride 


(a) 

Z-6[ 

6-9 

90-mm. steep: 


(6) 

10*3f 

Instantaneous dip in 
organic mercurial A : 

0*6% 

(a) 

9-81 

13-2 


(6) 

16-5 f 


1-0% 

(a) 

4.7 ^ 

8-7 



(6) 

12-6 [ 


1-5% 

(a) 

4*61 

5-7 



(6) 

6 - 7 ; 


2-0% 

(a) 

6*5) 

5-6 



(ft) 

4‘7f 


30% 

(a) 

7 . 8 1 

5-5 



(i) 

3-2 f 

Instantaneous dip in 
organic merouriu B : 

0*6% 

(a) 

15-7) 

17-6 


(» 

19-4 f 


1-0% 

(a) 

ii-ei 

12-7 



W 

13-7 f 


1-6 % 

(a) 

10-51 

8-0 



(6) 

6-7} 


2-0% 

(a) 

11-51 

12-3 



(6) 

18-0 [ 


3-0% 

(a) 

9-31 

7-8 



(6) 

6-3 J 


III. Laroe-soalb experiments 
Omcral 

The results of the 1932 and the 1933 experiments at Hillsborough 
indicated that a large reduction in the incidence of scab could be obtained 
by the disinfection of the seed tubers before planting. These experiments, 
however, were confined to one centre and to land which had not borne 
a potato crop for many years. Hence it became desirable that experi- 
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ments should be carried out at other centres, and that the efficiency of 
tuber disinfection should be tested in the case of a potato crop taking 
its place in the rotation or rotations practised by the farmer. 

In 1934 and 1935 experiments were laid down on farms in Coimty 
Down and County Armagh where scab was known to be prevalent and 
had in previous years rendered a large portion of the crop unmarketable. 
Three methods of tuber disinfection were employed, viz. 90-min. steep 
in 0*1 per cent mercuric chloride and instantaneous dips in organic 
mercurials A and B. In each case the potatoes were disinfected about 
4 weeks before planting. The plots were randomized and duplicated, a 
plot consisting of four drills each 20 yards long (2 sq. perches). The 
experiments were laid down in the midst of the farmers’ own crops. The 
manurial treatment was the same at most of the centres and was that 
commonly practised, i.e. 15 tons farmyard manure, 1 cwt. sulphate of 
ammonia, 4 cwt, superphosphate and 1 cwt. muriate of potash per 
statute acre. At harvest the results were taken from the two centre 
drills of each plot. 


The 1934 exfenmenU 

In 1934 experiments were carried out at four centres. Organic mer- 
curials A and B were used at concentrations of 0-5 and 1-5 per cent 
respectively. At three centres severely scabbed seed was used, while at 
the other centre (centre III — see Table VIII) only a proportion of the 
seed was slightly afEected with scab. The results are given in Table VIII. 
These show that excellent control of scab was obtained at every centre 
by tuber disinfection. The mercuric chloride steep gave slightly better 
control than the organic mercurials, but, from a practical point of view, 
the control obtained by the latter was entirely satisfactory. At three 
of the four centres an interval of 6 years intervened between the planting 
of successive potato crops, while at the fourth centre the interval was 
only 1 year when the land was cropped with oats. 

None of the experiments was conducted on land which had borne an 
infected potato crop in the previous season, but a trial was carried out 
at Hillsborough in which disinfected seed was planted in land which had 
borne a scabbed crop in 1933. The variety used was Up-to-Date, the 
seed being selected as free frrom scab. The method of disinfection em- 
ployed was an instantaneous dip in 1-5 per cent organic mercurial B. 
The results, which were as follows, indicate that no control of scab was 
obtained: 

Ann. BioL xtm 


48 
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IxiBtMitanecnu dip 
No in 1*6 % oxttanic 

treatment merourial B 

Percentage of scabbed tubers (a) 34*7 37*7 

by weight: (6) 33*8 89*6 

Average 34*3 38*7 

This result, considered in conjunction with those of the county ex- 
periments, suggests that satisfactory control of scab may be obtained 
by the disinfection of seed tubers before planting provided that an 
interval of one or more years has elapsed between the taking of successive 
potato crops, but that no control is likely to be obtained in the case of 
potatoes grown on land which has borne a scabbed crop in the previous 
season. There was, however, only one case (centre IV) where a l-year 
interval intervened between successive potato crops, and, from the results 
of this experiment alone, it is not possible to draw any definite con- 
clusions as to the efficiency of tuber disinfection in the case of such a 
short rotation. 


The 1935 experiments 

The 1935 experiments were designed with the object of obtaining 
more information on the relationship between crop rotation and the 
control of scab obtained by tuber disinfection. Nine experiments were 
carried out, the intervals between successive potato crops being as 
follows : 

(1) No interval (i.e. scabbed crop produced in 1934): 3 centres. 

(2) l-year „ ( „ „ 1933); 1 centre. 

(3) 2-year „ ( „ „ 1932): 1 centre. 

(4) 6-year „ ( „ „ 1928): 4 centres. 

Where no interval or only 1 year had elapsed, two types of seed 
were used, viz. scabbed seed (tubers selected as severely affected with 
scab) and clean seed (tubers selected by the farmer as free from scab: 
about 20 per cent of these had one or two small scab lesions per tuber). 
In cases where no interval elapsed between the taking of successive 
potato crops only the mercuric chloride steep method of disinfection was 
employed, while in the others instantaneous dips in organic mercurials 
A and B were used in addition. Organic mercurial B was used at 1*5 per 
cent as in 1934, but organic mercurial A was used at 1*0 per cent instead 
of 0-5 per cent. This change in concentration was made on the grounds 
of the ^ults from the 1934 Hillsborough experiments which have already 
beeai described. 
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The results obtained are given below and are considered according 
to the interval elapsing between successive crops. 

Table VIII 

ResvUs of large-scale experiments — 1934 

Percentage of scabbed tnbers by weight 


No 

treatment 


Mercuric 

chloride 

steep 


Orgamc 
mercmria] A 
dip 


Organic 
mercurial B 
dip 


potatoes Centre 

Variety • 


Av. 


Av. 


Av. 


Av. 

1927 

I 

Arran (a) 
Consul (6) 

son 

81 - 6 / 

80-9 

2-61 

3 * 9 ; 

3-2 

12-71 

11 - 9 ; 

12-3 

8-81 
13-0 J 

[ 10-9 


n* 

Arran (a) 
Consul (6) 

71-61 

61 - 6 / 

66-6 

2*91 

4 - 3 / 

3-6 

11-31 
6-6 [ 

9-0 

4-91 
9-0 j 

. 70 


III 

Arran (a) 

Victory (6) 

46-71 
34*6 f 

40-7 

0 - 91 

1 - 2 1 

1*1 

1-21 
2-8 J 

2-0 

1-8 1 
1 -lJ 

i 

1932 

ivt 

Arran (a) 

Victory (6) 

69-11 

66 - 7 / 

67*9 

10-81 
7-4 1 

9-1 

2-91 
11-2 1 

7-1 

8-01 
9-2 J 

[ 8-6 



Average 

64-0 


4-2 


7-6 


7-0 



* At this centre^ in addition to the standard manurial treatment, lime, at the rate of 
2 tonsjmr acre, was applied to the drills one week after planting. 

t I^e incidence of scab was very severe at this centre in 1932 and, in the farmer’s 
opinion, there was less than 30 cwt. of saleable potatoes from 2 acres. 


(i) No interval. 

The results which are set out in Table IX show that, while in some 
cases tuber disinfection reduced the incidence of scab, in others there 
was a greater proportion of scabbed tubers in the crops grown from 

Table IX 

Results from large-scale experiments, 1935 — no interval 

Percentage of scabbed tubers 
by weight 


No Mercuric chloride 


treatment steep 


Centre 

Variety 

Type of seed 
planted 


Average 


Average 

I 

Kerr’s Pink 

Scabbed 

(а) 

(б) 

82-01 
86-0 f 

83-6 

24-3 

38-3] 

1 31'3 



Clean 

(а) 

(б) 

39-61 
64-6 1 

62-0 

68-3 1 
46-9 J 

[ 671 

II 

Kerr’s Pink 

Scabbed 

(а) 

(б) 

66-11 
67-6 [ 

66-8 

86-3 
38-6 J 

1 61-9 



Clean 

(a) 

(i) 

46-01 

72-4; 

68-7 

46-2] 

36-8] 

[ 41-6 

III 

Blajestio 

Scabbed 

(а) 

(б) 

68-31 
68-2 f 

63-3 

42-21 

64-3] 

1 48-3 



dean 

(а) 

(б) 

94-81 
89-3 f 

92-1 

86-8] 

86-3^ 

^ 86-6 



Average 

69-4 


64-S 



48-2 



734 


The CorUrol of Common Scab 

disinfected seed. In one experiment (centre III) there was a signifioantlj 
higher incidence of the disease in the crops raised &om clean seed than 
from scabbed seed irrespective of tuber disinfection. It is therefore 
indicated that the source of infection was present in the soil, and the 
variation in attack which occurred from plot to plot and within each 
plot may be explained by the soil conditions either favouring or inhibiting 
the occurrence and spread of the disease. The results obtained from the 
Hillsborough experiment of 1934 are confirmed, and it is clearly indicated 
that tuber disinfection cannot be employed as a successful control 
measure when potatoes are grown in land which has produced a scabbed 
crop in the previous season. 

(ii) One-year irUerval (potato crop last grown in 1933). 

Only one centre could be obtained, and the results are given in 
Table X. The variety used was Arran Consul. 

Table X 

Result of large-scale experiments^ 1936 — <me-yenr interval 

Percentage of scabbed tnbers by weight 




Mercuric 

Organic 

Organic 


No 

chloride 

mercurial A 

mercurial B 


treatment 

steep 

dip 

dip 

Type of seed 





planted 

Average 


Average 

Average 

Average 

Scabbed (a) 

(b) 

Ts] 

00 

cb 

69-7 

g:ll « 

M-s} 

Clean (a) 

(b) 


43 - 4 ) 

24-0 

33-7 

= 1 - 

= 1 - 


The results are somewhat similar to those obtained where no interval 
intervened, but do not confirm those of the 1934 experiment where 
excellent control was obtained on land after a 1-year interval. It would 
appear that while in some cases tuber disinfection may secure good 
control, its use in such a short rotation cannot be expected to give con- 
sistently good results. 

(iii) Two-year interval (potato crop last grown in 1932). 

Again only one centre could be obtained; the variety used was 
Majestic and only one type of seed (scabbed) was planted. The results 
are given in Table XI. 

These results suggest that there is more likelihood of tuber disinfec- 
tion producing a considerable reduction in the incidence of scab where 
2 years have elapsed between successive potato crops than in cases where 
the rotati(Hi is shorter. The somewhat inconsistent nature of the results 
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obtained within some of the plots does, however, indicate that the pro- 
duction of satisfactory results in every case cannot be relied upon. 


Table XI 

Result of large-scale experiments^ 1936 — two-year interval 


(«) 

i^) 


No 

treatment 


Percent!^ of scabbed tubers by weight 

A 


Mercuric 

chloride 

steep 


Organic 
mercmrial A 
dip 


Organic 
meitmrial B 
dip 


Average Average 


Average 


Average 


93-8) 
93-8 f 


938 


26-21 
24-0 f 


24*6 


62-3* { 
19-0 f 


36-7 


J 37-6* 
113-3 


26-4 


* The large percentage of scabbed tubers in these plots is due to the fact that in a 
portion of each plot, the portions being adjacent, very little control of scab was obtained, 
while in the remainder the measure of control was particularly good. 


(iv) Six-year interval (potato crop last grown in 1928). 

Experiments were laid down at four centres, and only scabbed seed 
was planted. The results are given in Table XII. Disinfection gave a 
large reduction in the incidence of scab at all four centres, although the 
percentage of scabbed tubers in some of the plots may appear excessive. 
The intensity of scab, however, on the tubers grown from disinfected 
seed was much less than that on the tubers from non-disinfected seed 
and, from a commercial standpoint, the measure of control obtained 
was estimated as being in the neighbourhood of 90 per cent. The instan- 
taneous dips in organic mercurials proved as effective as the mercuric 
chloride steep. 

Table XII 

Results of large-scale experiments, 1935 — six-year interval 


Percentage of loabbed tubers by weight 


No 

treatment 


Mercuric 

chloride 

steep 


Organic 
mercurial A 
dip 


Organic 
mercurial B 
dip 


Centre 

Variety 


Average 

Average 


Average 


Average 

I 

Kerr's (a) 

Pink (6) 

60-41 

67-61 

64-0 


16-61 
11-0 f 

13-8 

19-91 
7-0 1 

13-6 

II 

Arran (a) 

Consul (6) 

88-0) 
84-1 1 

86-1 

22-6 ) oQ.fi 
26-0 1 

18-01 
28- If 

23 1 

28-31 
27-0 f 

27-7 

m 

President (a) 

(h) 

74-1 i 
86-0 1 

79-6 

Vs] 33-’ 

16-01 
36-1 f 

26-1 

27-81 

44-6f 

36-2 

IV 

Kerr’s (a) 

Pink lb) 

76-0 j 

. 760 

12-8 

9-8 1 

9-8 

12-6 1 

12-6 


Average 

76-4 


22<2 

19-4 


23-9 
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These results, taken in conjunction with those of 1934, indicate that 
under Northern Ireland conditions when a 7-year rotation is practised, 
a very appreciable reduction of the incidence of common scab in the 
potato crop may be obtained by the disinfection of scabbed seed tubers 
before planting. 


IV. The effect of the intensity of seed tuber infection 
UPON THE incidence OF SCAB IN THE RESULTANT CROP 


The scabbed seed employed in the experiments which have been 
described was so severely afEected with the disease that it would not 
have been planted in ordinary farm practice. An examination, however, 
of the seed selected by farmers for their own plantings revealed that in 
many cases the incidence of scab was high and that it was not uncommon 
to have an average of two or three lesions per tuber. This observation 
raised the question as to whether the planting of seed slightly affected 
with scab, e.g. to the extent of one or two lesions per tuber, gives rise 
to as high an incidence of the disease in the resultant crop as the planting 
of very severely scabbed seed. This problem requires further investiga- 
tion, but preliminary results obtained in 1935 are of sufficient interest 
as to warrant inclusion. 

In the 1935 large-scale experiments with no interval both “clean’' 
seed and scabbed seed were used. The “clean” seed was selected by 
the farmer as free from scab, but, on examination, it was found that 
a large percentage of the seed had a few small scab lesions per tuber. 
Samples of twenty tubers each of the “clean” and scabbed seed from 
centres I and III (see Table IX) were planted in land at Hillsborough 
which had not grown potatoes for many years. Ten tubers of each sample 
were disinfected by the mercuric chloride steep method, the remainder 
serving as controls. The results obtained are given in Table XIII. A large 
reduction in the incidence of scab resulted by tuber disinfection, indi- 
cating that the source of infection was seed-bome. 

Table XIII 


Variety 
Kerr’s Pink 

Majestic 


Type of seed 
planted 

“Clean” 

Scabbed 

“Clean” 

Scabbed 


Percentage of scabbed tubers 
by weight 

01 % mercuric 
No chloride 

treatment 90-min. steep 

200 0 ^ 

028 0-8 

87-8 2-8 

94*0 10*0 
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Unfortunately no records were made of the actual amotmt of scab 
on each of the ‘‘clean” seed tubers planted. In no case, however, was 
the incidence more than a few small lesions per tuber, which were over- 
looked by the farmer when selecting the seed, while a few of the tubers 
were probably entirely free from scab. The incidence of the disease on 
the scabbed seed was severe, one-quarter to a half of the total surface 
of each tuber being affected. 

The results obtained suggest that the planting of tubers slightly 
affected with common scab may give rise to a severe attack of scab in 
the resultant crop. The intensity of the disease in the case of the variety 
Majestic was particularly high and equally severe on the tubers from 
both “clean” and scabbed non-disinfected seed. In the case of Kerr’s 
Pink the “clean” seed gave rise to a much smaller amount of scab than 
the scabbed seed. This may be explained by the fact that Kerr’s Pink 
is not so susceptible to the disease as Majestic, and that the chances of 
the seed being entirely free from scab were greater in the case of the 
former than the latter. 

V. The effect of seed tuber disinfection upon the 

GROWTH AND CROP YIELD 

The effect of tuber disinfection upon the growth of the plant varied 
with the potato variety used, with different stocks of the same variety 
when grown at different centres, and also with the particular method of 
disinfection employed. In some cases disinfection gave a marked stimulus 
to growth whilst in others it caused a growth depression early in the 
season which disappeared as a rule from 10 to 12 weeks after planting. 
This growth depression occurred fairly consistently in the case of the 
variety Majestic, while with all the other varieties used the results 
obtained were more variable. The results suggest that a higher crop 
yield occurred in cases where a definite growth stimulus was noted, but 
the reverse did not hold, and in most cases where growth depression 
occurred early in the season there was no suggestion that the crop yield 
was lowered. 

Of the treatments employed in the coimty experiments the mercuric 
chloride steep and the instantaneous dips in organic mercurial A caused 
in most cases a slight depression in growth. No depression was observed 
in the case of organic mercurial B. 

At Hillsborough where copper sulphate, Burgundy mixture, mercuric 
chloride and organic mercurials were used as instantaneous dips at 
various concentrations the results indicated that these fungicides cannot 
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be employed above certain concentrations without causing growth de- 
pression. 

The relationship between seed treatment and growth depression has 
been investigated in the United States where experiments by White (28) 
suggest that no depression or “induced dormancy’^ occurs when the 
treatment is carried out in the autumn before the tubers have emerged 
from their dormant stage. This is a point which requires Jfurther investi- 
gation, for in all the experiments here described the tubers were treated 
in the spring and usually a few weeks before planting. 

VI. Discussion 

A survey of the literature dealing with the control of common scab 
of the potato indicates at once the difBculty of prescribing measures 
likely to be successful in every case. An attempt has been made to show 
this in the preliminary part of this paper where reference is made to the 
various practices which have been recommended from time to time, 
together with their attendant successes and failures. The ubiquity in 
the soil of scab-producing forms of Actinomyces is generally recognized, 
and the extent to which a potato crop grown in infected soil is likely to 
become affected with the disease has been considered by various workers 
to be due to the following factors acting either singly or in conjunction: 
(a) the amount of vegetable organic matter present in the soil, (6) the 
presence or absence of certain saprophytic species of Actinomyces and 
other micro-organisms, (c) the hydrogen-ion concentration of the soil, 
(d) temperature, and (e) moisture. The operation of these factors will 
explain the absence of the disease in potato crops grown in certain soils 
which have been exposed to infection, and also why in some cases 
“clean” crops may be produced irrespective of the amount of scab 
present on the seed tubers. 

The results of these experiments, which deal with the possibility of 
controlling the disease by disinfection of affected seed, would appear to 
stress the importance of another factor which is the longevity of scab- 
producing forms of Actinomyces in Northern Ireland soils subject to 
normal crop rotation. The normal system of crop rotation followed on 
Northern Ireland farms occupies 7 years and is as follows ; potatoes, oats, 
grass (4 years), oats. It has been shown that by the disinfection of 
scabbed seed tubers before planting a very satisfactory measure of 
control of the disease was obtained in soil which had produced a heavily 
infected crop 7 years previously and which was still capable of fostering 
a high incidence of the disease as occurred when non-disinfected seed 



H. Caibns, T. N. Greevbs and A. E. Muskett 739 

tubers were used. The explanation of this would appear to lie in the fact 
that the system of crop rotation practised in Northern Ireland together 
with the interval which elapses between the taking of successive potato 
crops allows the scab organism to die out of the soil or encourages its 
loss of virulence to such an extent that a high incidence of the disease 
is only obtained when the soil is reinoculated by the planting of affected 
seed tubers. That seed tuber disinfection cannot be relied upon for the 
control of the disease in cases where the 6rop rotation is short is also 
shown, and this means that it is not a method suitable for adoption in 
normal garden practice where the soil is known to be infected. The results 
further indicate that the disinfection of seed tubers is not likely to 
produce consistently good results where an interval of less than about 
4 years has elapsed between the growing of successive potato crops. 

It is possible that the system of crop rotation employed is quite as 
important as the interval between successive crops. Tilford(32) records 
a case in Ohio where scab affected a potato crop taken in land put into 
cultivation for the first time after 40 years. Huisman(iO) in Holland 
found scab prevalent in ploughed up grassland in spite of the fact that 
large quantities of green plant remains were present, while Lutman(ii) 
in the U.S.A. records scab as being present in virgin soil where it was 
greatly increased by planting potatoes in the same land in the following 
year. Sanford (23) in Canada emphasizes the importance of such cultural 
practices as crop rotation and fallowing upon the incidence of the disease, 
while Berkner(3) in Germany points out that crop rotation exercises a 
decisive influence upon the development of common scab. He suggests 
a rotation for light dry soils which aims at maintaining a soil reaction 
not exceeding pH 6*0 and the growing of crops which make virtually 
equal demands upon the lime content. Goss (9) in U.S.A. suggests that 
cultivated crops or summer fallow the year preceding potatoes tend to 
raise the incidence of scab as compared with non-cultivated crops such 
as cereals. He remarks further that intervals of more than /our years 
between potato crops tend to reduce scab attack, but that time alone is 
not sufficient to eliminate the disease or even to prevent serious loss. 

When cultural practices are such as to diminish appreciably the 
pathogenicity of soil-borne A. scabies between the growing of successive 
potato crops, then the disinfection of affected seed tubers before planting 
must be regarded as a valuable control measure in that it prevents 
reinoculation of the soil through the medium of the seed. 
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VII. StJHMARY 

1. This investigation deals with an attempt to detennine the value 
of seed tuber disinfection as a method for controlling common scab 
{Actinomyces scabies (Thazt.) Gilss.) of the potato crop when tubers 
afEected with the disease are used for planting. 

2. A r6sum4 is given of previous work by other investigators dealing 
with the control of this disease. 

3. Under Northern Ireland conditions it has been found that a satis- 
factory control of the disease may be obtained by the disinfection of 
afiected seed tubers before planting providing that a sufficient interval 
has elapsed between the growing of successive potato crops in the same 
land. After a 6-year interval, which is normal in Northern Ireland farm 
practice, satisfactory control was obtained in all cases, and it is suggested 
that a 4-year interval would probably be sufficient to ensure satisfactory 
results. Although good control has been obtained after the lapse of 
shorter intervals, such is not always the case, and the method cannot be 
relied upon with certainty. No control was obtained where no interval 
elapsed between the taking of successive potato crops. 

4. Solutions of mercuric chloride, formaldehyde, copper sulphate. 
Burgundy mixture and proprietary organic mercury compounds em- 
ployed in various ways were used in these experiments. The most satis- 
factory method for the farmer’s use was found to consist of the instan- 
taneous dipping of the tubers in solutions of proprietary organic 
mercurials. 

5. The results obtained indicate that in some cases the planting of 
very slightly affected seed in land which has not carried potatoes for 
many years may result in a high incidence of the disease in the resultant 
crop. 

6. A slight depression in growth was sometimes observed to re- 
sult firom the planting of disinfected tubers, and this was particularly 
noticeable in the case of the variety Majestic. After a period of from 
10 to 12 weeks it disappeared and the crop grew out normally. In some 
cases tuber disinfection stimulated the growth of the plants. Some of 
the results obtained suggest an increase in tuber yield due to disinfection 
of the seed tubers, but the experiments were not laid down in such a 
way as to permit a statistical analysis of the yields being made. 
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xxm. FURTHER STUDIES ON A BACTERIUM CAUSING 
FASCIATION OF SWEET PEAS 

By MARGARET 8. LACEY, M.So. 

From the Bctcteriological Labor<tU>ry of the Imperial College of 
Science and Technology y London 

(With Plate XXXIII and 7 Text-figures) 

In a previous paper (i) an account was given of the isolation from fasciated 
sweet peas, leafy galls of chrysanthemum, carnation and Schizanthus 
returns y and from '‘Cauliflower** strawberry plants of strains of a bac- 
terium all of which produced severe fasciation when inoculated on to 
young sweet-pea seedlings. Since then strains of the same bacterium 
have been isolated from four other host plants, namely, from a leafy gall 
of Nicotiana glutirMsUy from asparagus galls, from an abnormal growth 
on Heuchera sanguinea (PL XXXIII, fig. 1), closely resembling the 
“cauliflower** disease of strawberry plants, and from a large gall on a 
Gladiolus conn (PI. XXXIII, fig. 2). These four new strains were all 
pathogenic to sweet-pea seedlings. 

It was stated in the earlier paper that excellent infections had been 
obtained by growing sweet-pea seedlings in small glass bottles on sand 
inoculated with a culture of the bacterium. This method has been used 
to test the virulence of newly isolated strains and also to obtain fasciated 
seedlings for work on the histology of the disease, some account of which 
is given in this paper. For this work sweet-pea seeds were sterilized in 
one in a thousand mercuric chloride, thoroughly washed in sterile water 
and placed on moist filter paper in Petri dishes for 4 days, then dropped 
singly into the bottles, the sand in which was inoculated with a strain 
of the sweet-pea organism. At intervals seedlings showing positive in- 
fections were removed from the bottles, some being fixed for sectioning 
and others used for isolation experiments. The macroscopical examina- 
tion of the infected seedlings showed that the abnormal growth occurred 
in the hypocotyl region. In some cases the plumule was only slightly 
affected, but usually it was stunted, often failing to grow more than an 
inch or so in height. At the point of attachment of the plumule to the 
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cotyledons a number of secondary shoots would develop, these again 
being stunted, distorted and swollen, with fleshy gall-like masses of tissue 
at the base (PL XXXIII, fig. 3, e and/). Quite frequently the plumule 
failed to grow, but from the hypocotyl region two thick fleshy growths 
attached to a swollen mass of tissue developed (PL XXXIII, fig. 3, 
a and d). In other cases a single tumour-like mass was formed (PL 
XXXIII, fig. 3, b and ^). The roots never showed any hypertrophy, and 
in mild cases they developed normally. In severely infected seedlings. 



Text-fig. 1. Diagram of a section of a sweet-pea seedling cut 2 weeks 
after inoculation. 

such as those shown in PL XXXIII, fig. 3, the radicle soon ceased to 
grow, without, however, showing any sign of fasciation. 

A series of microtome sections of the hypocotyl region of seedlings 
of the type shown in PL XXXIII, fig. 3, from a fortnight to 11 weeks 
after inoculation were made and stained with carbol thionin and orange G. 
The sections were cut as far as possible at right angles to the cotyledonary 
petioles, the first series passing through the cotyledons, the next through 
the petioles at their junction with the embryo, and the last series through 
the shoots. Text-fig. 1 is a diagram of part of a cotyledon (stippled) with 
the stalk and young shoot attached, cut in an oblique transverse direc- 
tion, 2 weeks after inoculation. The pathogen appears to have no effect 
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on the cotyledons; throughout the sections there is no indication of 
invasion of the cotyledonary tissue. The shoot is already showing definite 
h 3 rpertrophy , it is much swollen and irregular outgrowths have developed. 
The shading marks areas of small-celled, very actively dividing meriste- 
matic tissue. The interior consists of large-celled parenchyma with three 
groups of vascular tissue. Although groups of bacteria can be seen on 
the outside of the shoot there is no indication of their entry into the 
epidermal cells or of any damage to these cells. In the region of the 
cotyledonary petiole, however, the bacteria lie in dense zoogloeal masses 





b 


c 



Text-fig. 2. Diagrams of a series of sections through the cotyledons, 
petioles and shoot of a seedling 3 weeks after inoculation. 


against the epidermal walls. Many of the epidermal cells are filled wdth 
bacteria ; some of the cells are disintegrated, and in others the cell walls 
are swollen, mucilaginous, and dead, as showm by deep staining with 
thionin blue. These necrotic areas are indicated in the diagram by the 
black lines marked X, 

Text-fig. 2 shows diagrams of a series of sections through the cotyle- 
dons, petioles and shoot of a seedling 3 weeks after inoculation. The 
stippled areas in sections a and 6 are cotyledonary tissue, and the two 
unshaded areas are the petioles, each with a vascular bundle in the 
centre. In section h the black line marked X indicates an area in which 
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the epidermal cells are attacked by bacteria. In section o there is a 
necrotic epidermal area on both petioles which persists in the succeeding 
sections. Between these necrotic areas in sections d to i there is on one 
side the root tissue, where the outline is smooth and regular, and on the 
other side the shoot, with surface development of irregular outgrowths 
seen first in section d and becoming more and more marked in succeeding 
sections. The shading, indicates areas of actively dividing cells. In this 



Bacterial masses Cells filled with bacteria 



Text-figs. 3 and 4. Parts of the necrotic areas indicated by the 
black lines in Text-fig. 2. x 460. 

region groups of bacteria are found on the exterior, but they are not in 
contact with the epidermal walls and they apparently have no adverse 
effect on the tissue. Parts of the necrotic areas indicated by the black 
lines in Text-fig. 2 are shown in detail in Text-figs. 3 and 4. Text-fig. 3 
shows a thick bacterial zoogloea in close contact with the outer cell walls 
of the epidermis; these walls are swollen and mucilaginous, but on the 
left the cells have not yet been invaded by bacteria. On the right the 
outer wall has broken down and bacteria are filling the cells. Text-fig. 4 
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shows a further development ; the cell walls of the epidermis have become 
disintegrated, but the thick bacterial masses still roughly mark the 
outline of the interior of the cells which they filled. Below these are the 
swollen, dead remains of the inner walls of the epidermal cells, and one 
or two of the imderlying cells have also been invaded. 



Text-fig. 5. Diagrams of a series of sections through a sweet-pea seedling 
7 weeks after inoculation. 

The diagrams in Text-fig. 5 show a further stage in the development 
of fasciation in a seedling 7 weeks old. In this seedling two bulbous 
fleshy outgrowths and a very short radicle had been produced from the 
embryo, similar to the seedling shown in PI. XXXIII, fig. 3, d. In 
Text-fig. 5, section a, the stippled area indicates part of a cotyledon and 
the smooth outline on the left marks root tissue. Between the two on 
each side are areas (indicated by the black lines) where the epidermal 
Ann. Biol, xxra ^ 
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cells are destroyed and filled with bacteria which have at this age pene- 
trated into the intercellular spaces to a depth of five or six cells. In 
section c the irregular outline of the two shoots is apparent ; this becomes 
more marked in succeeding sections, where the shaded areas show regions 
of actively dividing meristematic tissue. In section g the two shoots 
and the root have separated ; the root section is normal, with a smooth 
even outline, in contrast with the two shoots, in which numerous small 
outgrowths have arisen from the irregular, indented surface tissue; 
sections h and i show the further developments of these outgrowths. 
At the time this seedling was fixed it had ceased growth. In natural 
conditions, in unsterilized soil, a growth of this type would probably 
never appear above ground. After the epidermal cells were destroyed 



Text-fig. 6 Text-fig. 7 

Text-fig. 6. Sweet-pea seedling 11 weeks after inoculation. Nat. size. 

Text-fig, 7. Transverse section through the fasciated outgrowth shown in Toxt-fig. 6. 


the dead tissue would be attacked by saprophytic soil bacteria and the 
whole growth would quickly rot. 

Sections of seedlings made 4, 6, 6 and 11 weeks after inoculation 
were similar in appearance to those already described. In all, necrotic 
areas filled with bacterial masses were present in the epidermal tissue 
of the cotyledonary petioles, and, in places, in the lower parts of the 
shoots. A drawing of the seedling sectioned 11 weeks after inoculation 
is shown in Text-fig. 6. The plumule was dead, and in addition to the 
usual swollen shoots there was one wide, flattened growth suggesting 
the anastomosis of several stems. Text-fig. 7 is a diagram of a transverse 
section through this growth. There are two central steles from which 
vascular bundles are sent out to each of the small outgrowths which 
have developed all round the exterior. The smaller outgrowths consist 
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entirely of small-oelled tissue; the larger have four or five irregular rows 
of small cells on the exterior, but the internal tissue is composed of large 
parenchymatous cells. There was no bacterial invasion of the tissue in 
any part of this fasciated shoot, and, although occasional small groups 
of bacteria were present on the outside, there was no sign of a bacterial 
zoogloea on the epidermis. 

Throughout these series of sections appearances suggest that the 
bacteria are able to cause abnormal proliferation of tissue at some dis- 
tance from their location either outside or inside the epidermal cells. 
Various attempts have been made to produce this proliferation by 
growing sweet-pea seedlings in sand watered with bacteria-free filtrates 
obtained either from extracts of fasciated shoots or from filtered cultures 
of the organism, but the experiments have given negative results. 

The reisolation of the organism from inoculated sweet-pea seedlings 
similar to those used for sectioning confirmed the evidence obtained 
from the microscopical examination that the pathogen is mainly confined 
to the exterior of the tissue. The isolations were made from the basal 
swellings of seedlings from 3 to 7 weeks after inoculation in the following 
manner. The growth was dropped into sterile water in which it was left 
for 15 min. and one loopful of this water was plated on bouillon agar. 
The tissue was then transferred to one per thousand mercuric chloride 
for 5 min. and afterwards washed in sterile water. The inner tissue was 
scraped into sterile water, and after standing for a further 15 min. a 
loopful of this was plated on bouillon agar and in addition pieces of the 
tissue were embedded in the agar. The first isolations were made 3 weeks 
after inoculation of the seedlings, when a swollen hypertrophy had 
already developed in the hypocoty 1 region ; further isolations were made 
from seedlings 4, 5, 6 and 7 weeks after inoculation. Table I shows the 
results of these inoculations. 

Table I 

Growth of the pathogen on isolation plates from inoculated sweet-pea seedlings 


Inoculation 

No. of colonies on plates 

No. of tMilonies 
on plates from 

period 

from surface washings 

inner tissue 

3 weeks (1) 

Innumerable 

15 

(2) 


U 

4 weeks (1) 

» 

0 

5 weeks (1) 

»» 

24 

(2) 

tt 

0 

6 weeks (1) 

ft 

10 

(2) 


28 

7 weeks (1) 

•> 

5 

(2) 

tf 

70 


49-2 
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It is evident from this table that nearly all the bacteria are destroyed 
by surface sterilization. The 7 weeks* seedling which jdelded the greatest 
number of colonies (70) from the inner tissue was beginning to decay 
and, in addition to the seventy pathogenic colonies, twenty-seven colonies 
of saprophytic organisms were also present on the isolation plates. 

In being confined mainly to the outer surface of the affected tissue 
this new pathogen resembles Bact, tumefaciens, Robinson & Walkden(2), 
working with the rough galls on Chrysanthemum frutescens^ found that 
a mucilaginous film containing very large numbers of bacteria was in- 
variably present on the surface of galls from 10 days to 2 months old. 
The sweet-pea organism forms a similar film on the exterior of the 
hypocotyl region of the seedlings. Further, Robinson & Walkden state 
that dipping the unbroken gall of C. friUescens into mercuric chloride 
solution for 10 sec. was sufficient to reduce the numbers of Bact, turne^ 
fadens from 200 per plate to one, and in a series of isolation tests made 
with galls from 6 to 8 weeks old they found that merely washing the 
gall in running water for 4 hours removed nearly all the organisms. They 
conclude that “in the actively growing galls with rough surface on 
Chrysanthemum frutescens, there are enormous numbers of bacteria 
situated on the exterior of the gall, that a high percentage of these is 
Bact. tumefaciens, and that it is reasonable to assume that the presence 
of these progressively increasing numbers of Bact. tumefadens on the 
exterior provides the progressive stimulus which leads to the continued 
growth of the gall’*. This assumption might equally well be made con- 
cerning the action of the sweet-pea organism. 

Summary 

1. Strains of a bacterium causing fasciation of sweet peas have been 
isolated from galls on Nicotiana glutinosa, asparagus, Heuchera sanguinea 
and Gladiolus in addition to the host plants reported in a previous paper. 
These four new strains all produced fasciation on inoculation into sweet- 
pea seedlings. 

2. Histological examination of sweet-pea seedlings 2-11 weeks after 
inoculation showed that abnormal growth occurred in the hypocotyl 
region. In certain areas bacterial zoogloea formed a film on the outside 
of the tissue, and some penetration of bacteria into the epidermal cells, 
and in later stages into the intercellular spaces, was observed. 

3. Reisolation tests confirmed the evidence from the microscopical 
examination, that the pathogen is mainly confined to the exterior of 
the tissue. . 
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4. A comparison is made between the action of the sweet-pea 
organism and Bact. tumefaciena in causing abnormal plant growths. 
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Fig. 3. Types of fasoiation produced in sweet-pea seedlings by inoculation of the sweet- 
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THE HISTOLOGY OF THE NECROTIC LESIONS 
INDUCED BY VIRUS DISEASES 

By F. M. L. SHEFFIELD, M.So., Ph.D., F.L.S. 

Department of Plant Pathology, Rothamsted Experimental Station, 
Harpenden, Herts 

(With Plates XXXIV and XXXV) 

Introduction 

Many viruses produce widely difiering symptoms in different hosts. 
Some, which generally result in a systemic infection may, in a few hosts, 
induce the production of local necrotic lesions. Tobacco mosaic disease 
and aucuba (or yellow) mosaic of tomato produce a local necrosis in 
Nicotiana glutinosa although cucumber mosaic and Hy. Ill disease cause 
mottling in this same host. To produce systemic infection, the virus 
spreads from the seat of inoculation throughout the tissues of the host 
and into the primary meristem where it interferes with the normal 
development of the plant tissues (6), In tobacco, some diseases (e.g. 
aucuba mosaic) may induce local necrotic lesions on the inoculated leaf 
but the disease later becomes systemic. When necrotic lesions are pro- 
duced in N, glutinosa or in the bean the virus is confined to a relatively 
small number of cells surrounding the seat of inoculation. These cells 
die, necrosis becoming macroscopically visible about 2 days after inocu- 
lation. Such lesions have proved of considerable importance in this field 
of pathological research, as they provide a quantitative test for the 
viruses producing them. It seemed desirable, therefore, to discover the 
special peculiarities in the behaviour of the host which result in the 
isolation of the virus within local necrotic areas. 

Material and methods 

Juice was extracted from macerated leaves of tomato or tobacco 
plants infected with aucuba mosaic disease. A dilution of one part of 
this crude juice in two parts of water was used to inoculate the leaves 
of N. glutinosa plants. The juice was rubbed with the index finger on 
to one-half of each leaf, care being taken to injure nothing but the hairs. 
The unrubbed halves of the leaves were used as controls. Generally, 
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the vims was mbbed on to the adaxial surface of the leaf. As the work 
developed, it became necessary to inoculate a few leaves by mbbing 
the lower surface. As controls, leaves were mbbed with healthy juice 
and others with water. 

Small strips cut from each half of each leaf were later fixed. In the 
summer under good growing conditions when the lesions became macro- 
scopically visible in less than 2 days, fixations were made at intervals 
of 12, 24, 48 and 72 hours after inoculation. 

A large number of fixatives was tried and of these, Zenker’s, Champy’s, 
Regaud’s and LaCour’s fluids were selected for further work. Owing to 
the waxy nature of the leaves and to the hairs on the surface, difficulty 
was experienced in making the leaves sink into the fixing fluid. This was 
to some extent overcome by immersing them in Carnoy’s fluid for about 
1 min. prior to using the appropriate fixative. The fixing bottles were 
then placed under an exhaust pump until the material would sink in 
the fluid. 

After fixing the material was washed in running water, dehydrated 
in ethyl alcohol, cleared in cedar wood oil and embedded in paraffin wax 
of melting-point 52*^0. Sections were cut at a thickness of 6~15/x and 
were variously stained. 

Description 
The normal leaf 

In transverse section the healthy leaf of N, gluiinosa (PI. XXXIV, 
fig. 1) shows a single row of closely packed, elongated, thin- walled 
palisade cells towards the upper surface. Below this are several layers 
of parenchymatous cells forming a meshwork with large intercellular 
spaces. Each surface is bounded by a highly cuticularized epidermis. 
The majority of the stomata are on the lower surface of the leaf where 
they are in direct connexion with the large air spaces of the spongy 
parenchyma. The surface of the leaf is protected by hairs which appear 
to be more numerous on the upper than on the lower side. Each hair 
grows out from an enlarged epidermal cell and consists of about four 
elongated cells tapering towards the apex. The walls of the hairs are 
strongly cuticularized. 

The development of the lesions 

Under good growing conditions lesions become evident on the dorsal 
surface of the leaves about 48 hours after inoculation. Minute, slightly 
sunken, dried patches of epidermis are visible on the lower surface a 
few hours previously. The spots do not all develop simultaneously, their 
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numbers being found to increase over several days. At iBrst, the lesions 
appear as small, colourless shiny patches. For several days they increase 
in size, at the same time becoming dry and assuming a brown colora- 
tion. 

The first reaction to the virus may become microscopically visible 
after 12 hours but more usually no abnormality is apparent until 
24 hours after inoculation. The first visible evidence of infection is the 
appearance of a strip of dark staining material between certain of the 
cell walls. Occasionally, this band may first appear between the palisade 
cells, spreading rapidly downwards from towards the upper to the lower 
side of the leaf. More frequently the band is first formed between the 
cells of the lower epidermis and those of the spongy parenchyma 
(PL XXXIV, figs. 2 and 4). 

The virus enters a leaf through hairs which were broken by rubbing (8). 
However, lesions do not always develop immediately below a broken 
hair. Presumably the virus may travel a short distance across, as well 
as through the leaf, before any reaction is shown. The dark staining disc 
is at first apparent over only two or three cells, but it rapidly spreads 
until it covers a hundred or more (PI. XXXIV, fig. 4), completely cutting 
off the epidermis from the spongy parenchyma. 

At the same time as this band is forming, mitosis occurs in the cells 
immediately within it. All stages in nuclear division from the prophase 
to the presence of two daughter nuclei within one cell were found 
(PI. XXXV, figs. 1-4). Karyokinesis appeared to be normal, but no 
evidence of cytokinesis was found. At the telophase, no cell-wall forma- 
tion was seen, and binucleate cells are of fairly frequent occurrence in 
the areas which are becoming necrotic. Mitosis usually occurs in the 
cells immediately within the epidermis (PI. XXXIV, figs. 2 and 4 and 
PI. XXXV, figs. 1-4) but it is sometimes more deep seated (PI. XXXFV, 
figs. 6 and 7). 

The necrotic disc has now isolated the epidermis, and the cells, being 
cut off from their supplies of nutriment, are drying up. The band begins 
to branch upwards towards the upper surface of the leaf (PI. XXXIV, 
figs. 5-7). It ramifies between the cells of the parenchyma, ultimately 
penetrating through to the upper surfeice. As each cell is isolated it dies 
and dries out. Finally the whole lesion becomes dry and consists essen- 
tially of a meshwork of the dark staining necrotic material (PI. XXXV, 
fig. 7). 

That the changes described are all due entirely to the interaction of 
the virus and the host is shown by the examination of the control 
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material. When leaves were rubbed with water or with healthy plant 
juice, the only abnormalities found were broken hairs, there was no 
stimulation to mitosis nor was there any tendency to the formation of 
the dark staining disc. 

Experiments were made to determine the nature of the necrotic 
material. The peculiarity of its first appearance being usually towards 
the lower surface where there are large intercellular spaces and many 
stomata suggested that it might be a product of oxidation. Two experi- 
ments were therefore made. 

Three leaves were taken on each of six plants. Half of each leaf was 
rubbed with virus extract in the usual way on the upper surface. The 
other half was rubbed on the lower surf^e with the same extract. Both 
sets of lesions developed simultaneously. It was evident that placing 
the virus near the seat of the first visible reaction in no way hastened 
that reaction. There was, however, a difference in the numbers of lesions. 
A total of 2872 developed on the halves rubbed on the upper side, whilst 
rubbing the lower side resulted in only 1526 spots. This is probably due 
to there being fewer hairs on the lower surface of the plant. It also 
refutes the suggestion (2) that the virus enters through the stomata. As 
there are more stomata on the lower than on the upper surface, if the 
virus entered through them, the greater number of lesions would be 
expected to develop on the ventral surface. 

Virus extract was then rubbed over the whole dorsal surface of some 
leaves. Immediately vaseline was smeared over half of the lower surface 
of each inoculated leaf. No difference could be discerned in the develop- 
ment of the lesions on the two halves of the leaves. These experiments 
indicated that the larger supply of air available near the lower surface 
is not essential to the rapid formation of the necrotic material. 

This material is yellow in colour and on casual examination appears 
to have an affinity for basic dyes. Critical examination of stained pre- 
parations shows it to consist of large numbers of slightly elongated 
minute particles embedded in a matrix (PI. XXXV, figs. 5 and 6). The 
particles are basophilic but the matrix stains with acid dyes. 

As the substance appears first within the cell wall, it was thought 
that it might be of a pectic nature. Microchemical tests with ruthenium 
red and methylene blue on hand sections of fresh material and on micro- 
tome sections of fixed material lent no support to this view, nor did the 
substance react to treatment with pectinase. It proved to be insoluble 
in strong concentrated acids and in caustic alkalis. No positive reactions 
could be obtained with any of the more common reagents such as 
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Millon’s, Sudan III, chlorzinc iodide, phloroglucin, ferric chloride, re- 
sorcin blue, etc. 


• Discussion 

That all living cells are capable of division has for some time been 
realized ( 1 , 4 ). After wounding, a cambium may be formed across the 
cells of the most varied tissues in a layer near the surface of the wound, 
Meristems are formed also in response to fungal or bacterial infection. 

In Nicotiana ^utinosa, cell division normally ceases when the leaf is 
less than 1 cm. in length. Cell differentiation then commences and further 
growth is due entirely to enlargement of the cells. The leaves at the time 
of inoculation are about 10 cm. long and cell division has ceased 2 or 
3 weeks previously. At the time of inoculation the spongy parenchyma 
cells are large and vacuolate and the nuclei are relatively small. It is 
obvious that without some external stimulus, no further division would 
occur. The necessary stimulus is supplied by rubbing the surface of the 
leaves with virus. That the mitosis is not a wound reaction is shown by 
the examination of leaves rubbed with water or with juice extracted 
from healthy plants. Such leaves fail to reveal any nuclear divisions, 
suggesting that the stimulation is provided directly or indirectly by the 
virus. Possibly this unusual mitosis is an attempt by the host to isolate 
the etiological agent of the virus disease by hyperplastic growth, and 
the cells are overcome by necrosis before new growth can occur. Or, 
possibly, the virus causes chemical reactions in the cells which produce 
the necrotic material and the products of reaction stimulate the nuclei. 
It is known that small doses of toxic substances often cause excitation 
of the cell contents ( 7 ). 

It seems most probable that the mitosis is directly due to stimulation 
set up by the virus. In a number of solanaceous hosts infepted with 
systemic diseases it has been found that the first symptom of the virus 
to become microscopically visible is a stimulation of the cytoplasm ( 5 , 7 ). 
In these cases nuclear division is not found. The woody disease of Passi- 
fiora edulis caused by a virus (i) results in abnormal formations through 
hypertrophy of the pericarp. In sugar beet infected with curly-top 
disease, cells adjacent to lesions are stimulated to growth and division ( 3 ). 
The occurrence of karyokinesis as the lesions develop in Nicotiana 
glutinosa seems to be a parallel case of direct response to the stimulus 
of the virus. 

The necrotic band formed between the cells may be due to the in- 
creased and abnormal metabolism causing exudation of waste products 
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from the cells. The necrotic material may cause suffocation of the tissues 
within it by preventing free interchange of gases with the atmosphere 
and so preventing the continuation of cell division, or the necrotic 
materials may be toxic to the cells. 

When the virus first enters the leaf it obviously multiplies and travels 
rapidly through the cells. The response of the host is even more rapid, 
free interchange of materials between the infected cells and the sur- 
rounding tissues is soon prevented by the necrotic barrier. The virus is 
isolated within a relatively small area of the leaf within about 48 hours 
after infection. 


Summary 

About 12 hours after a leaf of Nicotiana glutinosa is inoculated with 
aucuba mosaic disease a band of necrotic material begins to form within 
the cell wall, usually between the lower epidermis and the spongy 
parenchyma. This band extends both laterally and towards the upper 
side of the leaf. At the same time, nuclear division is observed in the 
spongy parenchyma cells, but karyokinesis is not followed by cell division. 
As the necrotic meshwork extends the cells within it die and dry out. 
After about 3 days, the lesion consists of a meshwork of this necrotic 
material. The cells are all dead and the virus is isolated within the 
necrotic area, all interchange between the infected and healthy parts 
of the leaf having been prevented. 

I am indebted to Fraulein Lina Cunow for assistance in making the 
preparations used in this study. 
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EXPLANATION OF PLATES XXXIV AND XXXV 

All photomiorographB were taken with a Leits “ Makam ” camera. Leitz objectives 

3 & or 6 L achromatic or 2 mm. apochromatio (N.A. 1*4) were used in combination with 

Leitz periplanatic ocnlars x 10 or x 6. 

A Leitz “Monla** lamp, suitably screened with Wratten colour filters, was employed 

as the source of illumination. 

The fixative and the stain used in making the preparation, together With the colour 

filter used to take the photograph, is given in brackets after the description of each figure. 

PLATE XXXIV 

Fig. 1. Transverse section of normal leaf of Nicotiana gluUnosa showing single layer of 
palisade tissue and several layers of spongy parenoh 3 rma. The leaf is surrounded by 
a cutioulaiized epidermis, x 280. (Lacour. Safranin-light green. Orange 22.) 

Fig. 2. 24 hours after inoculation. Transverse section of leaf showing early formation of 
necrotic material within the lower epidermis. Mitosis is occurring in a cell imme- 
diately within the necrotic band, x 280. (Zenker. Crystal violet-erythrosin. Green 58.) 

Fig. 3. 24 hours after inoculation. Transverse section of leaf showing early formation of 
necrotic material, x 280. (Zenker. Safranin-light green. Green 66 and blue 46 A.) 

Fig. 4. 48 hours after inoculation. The necrotic disc is extending laterally. Mitosu occurs 
in the cells immediately within the band, x 140. (Zenker. Safranin-light green. 
66 and 45 A.) 

Fig. 6. 48 hours after inoculation. The necrotic material extends upwards through the 
leaf. X 140. (Zenker. Safiranin- light green. 66 and 45 A.) 

Fig. 6. As fig. 6. Mitosis occurs in more deep-seated cells, x 450. (Zenker. Safiranin- 
light green. 66 and 45 A.) 

Fig. 7. 48 hours after inoculation. The necrotic material has spread almost to the upper 
surface of the leaf. Mitosis occurs in the upper epidermis, x 450. (Zenker. Safranin- 
light green. 66 and 45 A.) 

PLATE XXXV 

Fig. 1, 48 hours after inoculation. Metaphase in a cell within the necrotic disc, x 900. 
(Zenker. Safranin -light green. 66 and 45 A.) 

Fig. 2, 48 hours after inoculation. Anaphase in a cell within the necrotic band, x 900. 
(Zenker. Safranin -light green. 66 and 46 A.) 

Fig. 3. 48 hours after inoculation. Telophase in a cell within the necrotic band, x 900 
Zenker. Saffanin-light green. 22.) 

Fig. 4. 48 hours after inoculation. Two daughter nuclei within one cell within the necrotic 
disc. X 900. (Zenker. Safranin -light green. 66 and 45 A.) 

Figs. 5 and 6. 48 hours after inoculation. High power photographs of the necrotic material 
show it to be of a particulate nature, x 900. (Zenker. Crystal violet-erythrosin. 22.) 

Fig. 7. 72 hours after inoculation. Transverse section of leaf passing through a necrotic 
lesion, x 84. (Zenker. Safranin-light green. 66 and 45 A.) 


[Received 18 May 1936) 










^S'EOliOO''^ 


off Ttt® 


liBSlOSS 


1^1)00^0 ^ 


^ j) 19BA9^1^ iPP* 


- 152 - 758 ) 




769 


THE EFFECT OF VARIOUS CHEMICAL TREAT 
MENTS ON THE ACTIVITY OF THE VIRUSES 
OF TOMATO SPOTTED WILT AND TOBACCO 

MOSAIC 1 

By RUPERT J. BEST 

Waite Agricultural Research Institute, University of Adelaide, 

South Australia 

AND GEOFFREY SAMUEL 

Rothamsted Experimental Station, formerly Waite Agricultural 
Research Institute 

(With Plate XXXVI and 2 Text-figures) 

CONTENTS 

FACE 

I. Introduction 760 

II. RAium^ of previous work 760 

III. Experimental technique 761 

IV. Experimental results 763 

A. Tomato spotted wilt virus ........ 763 

(1) The effect of free oxygen on the activity ot suspensions of 

the virus at pH 7 ....... . 763 

(2) The effect of oxidizing agents in the absence of free oxygen . 766 

(3) The effect of reducing agents in the absence of free oxygen . 766 

(4) The effect of reducing agents in the presence of air 769 

(5) Miscellaneous tests 770 

(6) Attempts to reactivate virus which has been inactivated by 

various means ........ 774 

(7) Tests to determine whether the effects observed are on the 

virus itself 774 

B. Tobacco mosaic virus 776 

The effect of various chemical treatments on the activity of the 

virus ......... 776 

V. Summary , 778 

References 780 

Explanation of Plate XXXVI 780 

^ Qlasshonse facilities and part of the cost of these investigations were provided by 
the Connoil for Scientific and Industrial Research, Australia. 



760 


Viruses of Tomato Spotted Wilt and Tohcuxo Mosaic 


I. Introduction 

The previously recorded (2, il) inactivating action of some oxidizing 
agents and preservative action of some reducing agents on inocula of 
tomato spotted wilt virus suggested a fuller investigation of the action 
on the virus of substances having oxidizing and reducing properties. To 
this end a number of systems was chosen to cover a wide range of 
oxidation-reduction potentials, and their action on the virus of tomato 
spotted wilt was investigated. The main questions for which answers 
were sought were : Do oxidizing and reducing agents as such have any 
effect on the activity of the virus itself? If so, is there an oxidation- 
reduction potential range over which the effects operate, or is there a 
critical potential above which inactivation occurs and below which it 
does not? Is the effect of atmospheric oxygen a direct one? 

The interpretation of the results obtained led to a little further work 
with other chemicals and with the virus of tobacco mosaic, the results 
of which are also recorded in the present paper. 

II. R^sum^; op previous work^ 

Allard (1) tried the effects of a large number of miscellaneous sub- 
stances on suspensions of ordinary tobacco mosaic virus, and numerous 
other workers have carried out similar tests on a smaller scale. These 
tests have shown that the virus of tobacco mosaic is a particularly re- 
sistant one, but little more definite can be learned from them. 

Johnson(7, 9) has published evidence to show that tobacco mosaic 
virus may be inactivated in the soil and in aqueous suspensions by means 
of an oxidation process in which free oxygen is concerned, and he has 
further (8, 10) used differences in resistance to chemicals as part of a 
system of classification of plant viruses. 

Bald & Samuel (2) found that suspensions of tomato spotted wilt virus 
were more rapidly inactivated by the bubbling of air through them than 
by the bubbling of nitrogen (containing about 1 per cent oxygen). They 
further examined the effect of hydrogen peroxide and chloramine T, and 
six substances chosen for their possible reducing properties. Hydrogen 
peroxide and chloramine T caused a rapid inactivation, but since HgOg 

^ Since this paper was written a report of Stanley’s work (12) has come to hand in 
which he described the reaction of tobacco mosaic virus to a large number of chemicals. 
In view of the absence of statistical tests and the variability of his controls it would be 
difficult to arrive at definite conclusions in many cases, but where there have been un- 
doubted effects such as for KMn 04 chlorazene his results are in accord with ours, and 
the remarks we made concerning our own results may therefore be applied to his also. 
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is capable of destroying many organic substances and a chloramine T 
solution gives off free chlorine, no very useful conclusions can be drawn 
from these results. Of the six “reduciilg” agents tested, four (including 
cystein) caused a rapid inactivation of the inocula, one (NaNOg) had a 
doubtful effect, and one (Na^SOg) markedly reduced the normal rate of 
inactivation. Working under more strictly controlled conditions in 
buffered suspensions Samuel et ai.(ii) showed that the inactivating effect 
of some of these reducing agents could be ascribed to the acidity de- 
veloped by the addition of the test substances. The effect of Na 2 S 03 , 
however, was confirmed and sufficient other evidence obtained to warrant 
a systematic investigation of the effects of oxidizing and reducing 
systems in general. 


III. Experimental technique 

The source of virus, the choice and arrangement of test plants, the 
general method of preparing inocula and the technique of inoculation 
were as described in previous papers (3, ii). 

Exclusion of oxygen and 'purification of gases 

In the present work the exclusion of traces of oxygen from sus- 
pensions of tomato spotted wilt virus was essential. The method used 
to keep suspensions of this virus in an atmosphere free from oxygen is 
illustrated in Plate XXXVI. Either hydrogen or nitrogen was used 
as the inert gas. Commercial nitrogen was drawn from a cylinder of the 
compressed gas, and was passed first through two bubblers containing 
10 per cent Na 2 S 204 in 10 per cent NaOH solution, and thence through 
a bubbler of distilled water to a silica tube packed with short lengths of 
fine copper wire, maintained at TOO^'C. by means of an electric furnace 
(calibrated by means of a thermocouple). The gas then passed through 
another bubbler of oxygen-free distilled water and on into the reaction 
or storage vessels containing the inocula. Joints in the line of gas flow 
were reduced to a minimum consistent with flexibility, and were made 
by winding pure rubber strip, ^ suitably warmed, around the abutting 
ends of glass or annealed copper tubing and subsequently coating this 
with colourless duco. The final junction to the storage vessels was made 
through mercury seals. The rate of bubbling was regulated by carefully 
ground glass taps. The storage vessels were fitted with carefully ground-in 

^ Ordinary india-rubber tubing being quite permeable to oxygen cannot be used. 
The kind of joint used in this work was suggested to us by the Physics Department of the 
University of Adelaide and is in common use by physicists for high vacuum work. 
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glass stoppers, and aliquots were withdrawn from the vessels through 
glass taps fitted near the bottom. During the period of storage the 
purified gas passed continuously through the suspensions, escaping 
through a water-filled bubbler attached to a side tube of the vessels. 
When hydrogen was used the purification process was similar, except 
that the gas was passed directly into the silica tube without first passing 
the Na 2 S 204 solution. 

The purity of the gases and the efficiency of the oxygen exclusion 
was tested in various ways. For example, a solution of sodium pyro- 
gallate {pSL 7), and a solution of K indigo disulphonate in buffer at pH 7, 
teduced by the addition of a solution of Na 2 S 204 to the stage where a 
faint green tinge was just noticeable, were enclosed in two of the vessels 
and hydrogen bubbled through for 20 hours at the rate normally used 
in these experiments. In neither case was there a change in the depth 
of the colour at the end of this time, although as soon as the vessels were 
opened to air by the removal of the stopper both solutions changed 
colour, that of the indigo disulphonate taking on a deep blue tinge at 
the surface within a few seconds. Similar results were obtained for the 
purified nitrogen. Besides being a test of the gases these experiments 
showed that the whole apparatus was oxygen proof within the limits of 
the above sensitive tests. 


Preparation of inocvla 

Where the effect of any particular chemical was being investigated 
solutions were made in a composite buffer (0*04 M) at pH 7. The buffer 
solution was pipetted into the reaction vessel through which purified 
gas was passing, the weighed amount of solid was added and the gas 
passed for a period of 1 hour or more, and finally the appropriate volume 
of freshly expressed infective juice was added. During this latter process 
some oxygen would undoubtedly enter the vessels but would soon be 
swept out by the gas stream. The time taken from crushing up the 
diseased leaves until the expressed juice was added to the reaction 
vessels was never more than a few minutes, and was always reduced 
to a minimum. 

Inocula of tobacco mosaic were prepared in the same way except 
that in general no attempt was made to exclude air, since it was shown 
previously ( 3 ) that suspensions buffered at pH 7 and exposed to air do 
not change in activity over a period of at least 24 hours. 
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jiS. valure of the siLspensions 

The values of all suspensions for both viruses was 7. When sub- 
stances possessing acid or basic properties were to be added to the buffer 
solution the pH value of this was so chosen that after the addition of 
the substance in question the pH value of the resultant solution was 7. 
Therefore the virus itself was always added to a solution of pH 7. The 
pH value of all inocula was checked by means of a spot plate and 
frequent additional checking by means of the hydrogen or quinhydrone 
electrodes when possible. 

^ Oxidation-reduction potentials of inocula 

On account of the impracticability of determining the oxidation- 
reduction potentials of the inocula as used, duplicate suspensions were 
made up which were comparable with those tested in all respects except 
that they were carried out later and with different samples of juice. In 
all cases, however, the infective juice was obtained in the same way 
from the same variety of tomato plant, raised under comparable con- 
ditions and at a comparable stage of the disease. 

Duplicate electrodes of bright platinum were used, and to make the 
conditions comparable with the inactivation tests both hydrogen and 
nitrogen were used as inert gases. In the case of K 2 Cr 207 , for example, 
hydrogen could not be used on account of its reducing action, setting 
up a highly negative potential at the electrode even though a large 
excess of the oxidized form was present. Readings were taken before 
the addition of infective juice and thereafter at intervals for 4 hours. 

The figures given in column 1 of Table II are the oxidation-reduction 
potentials after 4 hours’ contact. A 3-5 M solution of KCl was used to 
minimize liquid junction potentials. 

In all cases where the oxidant had a high tinctorial power (as in the 
case of all those substances used as indicators) the colour of the sus- 
pensions at the end of the experiment indicated that the bulk of the 
test substance was still in the oxidized form. 

IV. Experimental results 
A. Tomato spotted wiU virus 

(1) The effect of free oxygen on the activity of suspensions of the virus at 
pH 7. 

Suspensions of the virus, even when buffered at pH 7, lose their 
activity rapidly on exposure to air. The time for complete inactivation 
varied with the initial strength of the inoculum and the temperature. 
Ann. Biol, xxm 00 
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In one experiment the exposed inoculum was inactive after 6 hours at 
16® C., whereas a control inoculum from which oxygen was excluded was 
still quite active. In another experiment carried out at 22® C. three 
suspensions, A, B and C, were prepared in bufier solutions of pH 7. 
Suspension A was exposed to air; nitrogen containing approximately 
1 per cent oxygen was bubbled through B; and C was maintained in an 
atmosphere free from oxygen by passing purified nitrogen through it. 
Suspension A was completely inactive at the 4-hour inoculation. Sus- 
pension B was very much more active at corresponding times over the 
first 4 hours and at the 6-hour inoculation, but was inactive after 
12 hours. The activity of suspension C was not significantly different 
firom that of suspension B up to the 6-hour inoculation, but was still 
active after 12 hours. However, it produced considerably fewer lesions 
than it did at the first inoculation. At the 24-hour inoculation this 
suspension produced no lesions. 

It is clear that the presence of molecular oxygen hastens the rate of 
inactivation and that exclusion of oxygen delays it, but there is present 
in the juice something which causes inactivation even in the absence of 
oxygen. It was found, however, that when suspensions from which 
oxygen was excluded were kept at 0®C. by means of a packing of crushed 
ice they usually maintained their activity unimpaired for much longer 
periods. The result of an experiment in which air and purified nitrogen 
were bubbled through two suspensions maintained at 0°C. is recorded 
in Table I and Text-fig. 1. Before passing through the test inoculum the 
air was passed first through a bubbler containing 10 per cent NaOH solu- 


Table I 


A. Rate of inactivation at 0®C. of suspensions of tomato spotted wilt virus 
(buffered at pH 7) in the presence and in the absence of oxygen 


Time 

9 min. 

26 min. 

1 hr. 

1 hr. 

37 min. 

2 hr. 

4 hr. 

0 hr. 

10 hr. 
52 min. 


N, 

Air 

N, 

Air 

N, Air 

N , ^ Air 

N, 

Air 

N, 

Air 

N, 

Air 

N, Air 

No. of lesions 
onl6half-leaf 
replications 

397 

352 

412 

370 

403 401 

492 432 

485 

340 

473 

381 

421 

249 

401 131 

% initial value 
of control (N|) 

100 

88-7 

104 

93 

101*6 101 

124 109 

122 

86*6 

119 

96 

106 

63 

101 33 


B. Summary of analysis of variance 

•.a of each metii-2'69. When diff. -7-40, P-OOl and when difl. -6*61, P-OCS. 

0 . 1 . of diflf. between meane-3-80. When difl. -10*40, P-001 and when diff. -9*35, P-000. 


IB'Sa 


The experiment was perfonned with two 8x8 Latin equares on 64 two-leaved (trimmed) tobacco planta uiing 
the baU-leaf method. 
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tion and then through a bubbler of distilled water. The nitrogen passing 
through the control inoculum was purified as previously described. 

In plotting the results the number of lesions for each time has been 
expressed as a percentage of the number of lesions produced by the 
control inoculum (stored under purified nitrogen) at the first inoculation. 
Table I B shows that over the firat hour and a half there was no significant 
difference between test and control inocula, but at the 2-hour, 6-hour 
and 12-hour inoculations the differences were significant, the aerated 
suspension producing progressively fewer lesions, whereas the control 
suspension had not changed significantly over the whole period of the 
experiment. There can be no doubt that the fall in the activity of the 
aerated suspension was caused by the oxygen, but the form of the 



Time in hours 

Textr-fig. 1 . Showing changes in the activity of suspensions of tomato spotted wilt 
virus at pH 7 and O^C. in the presence of (1) nitrogen and (2) air. 

inactivation curve suggests that the action is probably not direct. The 
initial lag could be explained by assuming the initial virus concentration 
to correspond with a point on the flatter portion of the dilution curve, 
but since the average number of lesions at the first inoculation was 
25 per half-leaf and the test plants were in good condition this is very 
unlikely. There are not enough points after the fall had set in to deter- 
mine the form of the inactivation curve, but it does not appear to be 
logarithmic. The rise in the number of lesions for both inocula during 
the first 90 min. is not statistically significant in either case, but the 
frequent occurrence of this phenomenon suggests that it is significant 
when taken on the whole, and if so is best explained by a mechanical 
dispersion process following the addition of the juice to the buffer solu- 
tion. This process may be expected to continue for some time. 


S0.2 
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(2) The effect of oxidizing agenti in the absence of free oxygen. 

Preliminary experiments (H) had shown that certain oxidizing agents 

which do not normally destroy organic matter cause inactivation of 
suspensions of this virus. The present work was designed to determine 
whether this action was in any way related to the oxidation-reduction 
potential of the resultant suspension. For this purpose a number of 
substances was selected to cover a wide range of oxidation-reduction 
potentials, the majority of these forming reversible systems. As far as 
was possible this range included substances having the one property of 
an oxidizing agent in common, but differing in constitution and other 
properties. At the same time the range included a number of substances 
of similar constitution but operating over different potential ranges, such 
as the indophenol series whose oxidation-reduction relationships have 
been worked out by Clark et aZ.(8). The substances were used in the fully 
oxidized state, but check tests on some of them in which equimolecular 
proportions of oxidized and reduced forms were used gave the same 
results. 

In all cases the infective juice was added to solutions of the test 
substances in composite buffer (pH 7) which had been freed from dis- 
solved oxygen. The suspensions were kept in an atmosphere of purified 
hydrogeu, and aliquots were withdrawn for inoculatioD soon after pre- 
paration and again about 4 hours after the addition of the juice. A con- 
trol suspension differing only from the test suspensions by the exclusion 
of the test substance was prepared for each test system, and the two 
suspensions were inoculated against each other on opposite half leaves 
of six two-leaved tobacco plants at each inoculation. The results are 
summarized in Table II A. It will be noticed that the activity of the 
control suspensions falls with time even in the absence of free oxygen. 
The fall in activity in test suspensions with a potential greater than 
-f 0*2 volt, and also in the case of methylene blue, is, however, much 
greater, and of a totally different order. The initial fall is greater in some 
cases than in others, and although there is a general correspondence 
between the magnitude of the initial fall and the oxidation-reduction 
potential of the suspension, specific effects of the test substances would 
appear to be equally important. 

(3) The effect of redwing agents in the abeenoe of free oxygen, 

^me substances noted for their reducing powers were tested in the 
san^ way as the oxidizing agents except t^t they w«e nsed in their 
fa])]K reduced' form. These systems were chosen to oover a wide potential 
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Table II 

Effect of oxidizing and reducing agents on the activity of suspensions 

of the virus of tomato spotted wilt in the absence of &ee oxygen 

All flospensions were buffered at pH 7. Room temperature. 

Numerator =Jedoiu produced by teat inoculum (moatly 12 half-leaf replicatea). 
Denominator = leaiona produced by control inoculum (moatly 12 half-leaf replicates). 


(volts) 


Molar 
cone, 
of test 
substance 

No. of primary 
lesions 

A 

Teat aubatance 

t 

0 

1 hr. 

4 hr. 


A. Teat aubatances added in 

the oxidized form. 




Iodine + K1 

0*001 (I,) 

7? a 
224 

— 

A. 

242 

-l-(M9 

K,CV,0, 

0*006 

21* 

236 

^ • 

280 

^ ♦ 

43 

+ 0-43 

K,Fe(CN), 

0*005 

iia 

343 

— 

A* 

73 

+ 0-32 

Quinone 

0 006 

658 

A* 

447 

154 

-^0*25 

o>6romophenol indophenol 

0*00! 

il* 

580 

A* 

634 

• 

199 

+ 0-25 

Phenolindophenol 

0*001 

286^ 

487 

— 

^ * 

391 

-rO-25 

o-CreBolindo-2-6-diehlorophenol 

0*001 

67 ^ 
574* 

— 

A* 

177 

i-0-23 

l-Naphthol-2-aulphonate indophenol 

0*001 

62 

140^ 

— 

20 

61 

+ 019 

/• Naphthol- 2-aulpho-indo- 2-6-dibromophenol 0*00 ! 

754 

819 

— 

101, 

291 

+ 012 

Thionine 

0*001 

523 

505 

— 

264 

181 

^ 0*044 

Methylene blue 

0*001 

186^ 

858 

— 

A* 

644 

-009 

K indigo diauiphonate 

0*(K)1 

777 

874 

— 

439 

394 

-0*21 

Neutral red 

0*001 

135 

— 

40 

61 


B. Test Biibatancea added in 

the reduced state. 

92 

72 


+ 0*12 

Na pyrogallate 

001 

116 

100 

**- 

+ 0*06 

Na,SO, 

0*0025 

723 

658 

427 

447 

442* 

154 

-017 

(Retain 

0-01 

271 

187 

— 

270* 

31 

-0-41 

H,— PUtinited Pt 

— 

65* 

32 

— 

70* 

18 

-042 

NaAO* 

0*01 

528 

664 


346 

444 




0 

1| hr. 

6 hr. 


Na,8(NaHS) 

0*01 

252 

312 

234 

171 

78^ 


♦ F«or<001. 

f F = or <0*02* 





768 Viruses of Tomato Spotted Wilt and Tobacco Mosaic 

range, and substances known to have effects on plant juices other than 
those being investigated were avoided (e.g. tannic acid, because of its 
action as a protein precipitant). The number of substances available was 
limited, but the results set out in Table II B show that from Na-pyro- 
gallate and Na 2 S 03 to the hydrogen>platinized platinum system and 
Na 3 S 204 the effect was essentially the same. Not only was there no 
increase in the inactivation rate in these systems but in some cases the 
activity of the test suspensions containing these substances fell off less 
rapidly than did that of the controls. 

Considering Tables II A and II B together it will be seen that of the 
substances added in the oxidized state all of those which gave a sus- 
pension with an J?* value above +0-2 volt caused a rapid inactivation 
of the virus, whereas those with values near to and below +0*1 volt 
(methylene blue excepted) either failed to inactivate the virus at all (as 
compared with the controls) or did so to a very much less extent than 
those with higher values. 

The case of neutral red is somewhat puzzling, since there was a signi- 
ficant effect during the first 10 min., but at the 4-hour inoculation there 
was no significant difference between test and control inocula. Between 
the “ zero time ” and i-hour inoculations the proportionate fall in activity 
of the test inoculum was in fact less than that of the control. The initial 
effect therefore appears to be due in this case either to an effect of the 
reagent on the test plant or to some impurity present in small quantity. 
It must be remembered that the first reading of a potential is taken 
about 1 min. after the addition of the juice; any small quantity of 
impurity possessing a higher oxidation -reduction potential would pro- 
bably be reduced by this time and yet the amount may have been suffi- 
cient to inactivate the virus. 

If, for the present, we exclude methylene blue from the discussion, 
the order of the induced potentials is seen to correspond with the 
inactivating effect on the virus. 

With regard to methylene blue it should be noted that this thiazine 
differs from thionine constitutionally only by the substitution of four 
methyl groups for hydrogen atopis. Thionine operates at a more oxidizing 
potential and yet has no inactivating effect whatever on the virus. 
Clark et have shown that methylene blue is sensitive to light and 
undergoes photochemical oxidation. In the presence of a substance 
whiph will reduce methylene blue we may therefore get a reduction of 
the dye followed by an oxidation under the influence of light to a 
reactive oxidized form. Experiments in which light was excluded up to 
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the moment of inoculation have shown that the results obtained above 
are not likely to have been due to this effect, since inactivation takes 
place even under these conditions. 

The behaviour of those substances which were added in the reduced 
form fits in with the idea that inactivation of the virus takes place only 
at relatively high oxidation-reduction potential values. The substances 
listed in Table II B not only fail to inactivate the virus but they actually 
arrest the normal anaerobic inactivation as observed in the control sus- 
pensions, at least over the relatively short time covered by these ex- 
periments. It appears from this that the cause of the falling off in the 
activity of the control suspensions in the absence of free oxygen is due to 
the presence in the juice of some oxidixed substance (or substances), 
that this substance is usually present in only small, but variable, amoimt, 
and that it is reduced by those substances listed in Table II B, thus 
preventing further inactivation. 

(4) The effect of reducing agents in the presence of air. 

However, the effect of reducing systems in the presence of air was 
of greater interest in this study. It will be seen from Table III that the 
presence of these reducing agents markedly retarded the rate of inactiva- 
tion of suspensions of the virus. This effect was common to all systems, 
although some appeared to be more efficient as protective agents than 
others. 

Table III 

Effect of reducing systems on the activity of suspensions of the virus 
of tomato spotted wilt exposed to air 

AU aiutpeiMionB were buffered at pH 7. Concentration of teet 8abBtancee=:0*01 M. 

Numerator -leaion* produced by test inoculum (8 half-leaf replicates). 

Denominator lesions produced by control inoculum (8 half-leaf replicates). 





No. of hours 



Tost substance 

0 

H 

3 

6 

12 


432 

367* 

264* 

196* 


Na^O, 

369 

101 

11 

4 

— 


311 

199 

64* 

8 


Na pyrofiallate 

440 

i27 

T 

0 

— 


3I3« 


317* 

443* 

359* 

(^ystcin 

264 


208 

6 

0 


303* 

306* 

92* 

105* 


NsSjO, 

189 

66 

3 

1 



71 

28 

26 

2 


Na^NaHS) 

76 

26 

y 

0 

— 


• P=or <0^)1. 
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Cystein, Na^Os, Na^04 and Na,S are all sulphur compounds. It 
so happens that most of the easily accessible reducing agents operating 
over this potential range» which are at the same time not open to objec- 
tion on account of some other possible action, are sulphur compounds, 
but since the pyrogallate and the hydrogen-platinum systems also protect 
the virus (the latter in the absence of oxygen, but Table II B shows the 
protective effect as compared with the control also in the absence of 
oxygen) the effect may be ascribed to their common action as reducing 
agents. There is, however, an important difference between pyrogallate 
and these sulphur compounds. On exposure to air they all oxidize, but 
the oxidation products of Na,S03, cystein, Na3S304 and Na^S are not 
active oxidants. The oxidation products of p}nrogallate are complex but 
contain quinones as intermediate products and these may be expected 
to inactivate the virus, thus setting up opposing tendencies. With Na^S 
and Na2S204 the pH values of inocula are more difficult to control, and 
in any case some free H^S is produced after some time and the pH value 
of the suspensions tends towards lower values. Secondary changes taking 
place in these systems may therefore be the reason why these two sub- 
stances are not such good protective agents as Na2S03 or cystein. 

In two separate experiments on the preservative action of cystein, 
inoculations performed 10 and 48 hours respectively after adding the 
virus to the test solutions resulted in significant increases in the number 
of lesions above the number for the 10 -min. inoculations. The increased 
number of lesions may, however, be accounted for by differences in the 
environmental conditions to which the test plants were exposed before 
and after inoculation ( 4 , ii). The possibility that some part of the increases 
may have been due to multiplication of the virus in vitro, or to a reactiva- 
tion of virus inactivated in the plant before the juice was expressed, or 
in the juice during transfer to the test solution, seems therefore im- 
probable, but cannot be ruled out entirely. 

( 5 ) Miscellaneous tests. 

In order to obtain some information on the mode of inactivation of 
control suspensions when exposed to air, tests were carried out with 
substances such as NaF and KCN which are known to inhibit certain 
respiratory enzymes. In addition the effect of the well-known poison, 
HgC]3, was tested. Mercury was precipitated as HgS before inoculation 
of such suspensions, and it therefore became necessary to test the effect 
of HjS alone. The preservative action of KCN was open to several inter- 
pretations, making further tests necessary. 
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Catechol was used in the first instance as a reducing agent operating 
at a potential more positive than the other reducing agents, but it soon 
became evident that the action of this and similar substances was com- 
plicated by the production of oxidation products, and tests were carried 


Table IV 


Miscdlaneous tests. Effect of various chemical treatments on the 
activity of suspensions of tomato spotted will vifus 

Ail fOApeaiioiifl were buffered at pH 7 and (except where otherwise indicated) were 
exposed to air. Where only one substance appears in column 1 this means that the control 
suspension was simply made up in buffer solution of pH 7. 


No. of 
half- 
leaf 
repli- 


Test system cates 

0 01 M NaNO, 8 

O Oi M NaF 8 

Saturated 12 


0*001 M HgCl, (absence of oxygen) 12 

0*01 if KCN (absence of oxygen) 12 

0 01 M KCN (air) 8 

Saturated cystine 16 

0*01 M KCN -I- cystine (saturated) 

0 01 M KCN 

0*01 M catechol 8 


O’Ol M catechol -k 0*01 M Na^O, 


0*01 M catechol + 
0*01 M catechol + 


0*01 M Na^O, 
0*01 if Na^SO, 
0*01 M KCN 
0*01 M catechol 


8 

8 


0*01 M phenol 


I. I 001JfNa,SO, 
0 01 if phenol 

. 0*001 ITHgCi, 
0*01 Jf KCN + ^ 


12 

12 

8 


Lesions from test suspension 
Lesions from control suspension 
Hours 


0 

m 

159 

m 

134 

m 

172 

123 

77 

380 

223 

962 

1102 

m 

124 
473 
366 
543 

0 

334 

3 ^ 

389 

i?* 

187 


1* 

3 

4 

6 

97 

22 


7 

51 

21 


1 


49 


0 


46 


0 



ii* 



122 

0 * 




54 




156* 




14 



371 

174* 


167* 



4 

866 

279 


23 

830 

280 


13 

112^ 

39 


o' 

55 

5 


2* 

0 


0 

70 

11 


0 


303» 


329* 


152 


0 

316 

439 


355 

318 

256 


385 

0^ 

0 


0 

0 


0 



0 




6 




142 




165 


8* 





79 


NoU». H«8: a continuous stream of gas was passed through the inoculum. 
CTystine: saturated scdutions were usea + a slight excess of solid. 

• P«or <0*01. t P=<M‘ <0*02. 


12 


0 

0 


0 


0 
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out to elucidate their behaviour. They have therefore been included in 
this section rather than in that dealing with simple reducing systems. 
The results of all these tests are grouped together in Table IV. 

NaNO|. Under controlled conditions NaNO| has no efiect on virus 
activity. The slight preservative effect reported by Bald & Samuel (2) 
must therefore have been due to other effects, possibly to differences in 
pH value between test and control inooula. 

NaF. At 0-01 M concentration and at pH 7 NaF had no effect on 
virus activity. 



Text-fig. 2. Activity-time curves for suapenaiona of tomato spotted wilt virus at pH 7 
in the presence of various chemicala (O-Ol M). All inooula exposed to air at room 
temperature. 

H^. The inactivating effect of this substance may be partly or wholly 
due to the acidification which results when HjS is passed through the 
inoculum (even when buffered). The point of interest for the present is 
that the action on the virus is a fairly slow one. 

HgClf . Mercuric chloride at A Concentration of 0*001 M causes instan- 
taneous inactivation, and the inactivated virus was not reactivated by 
precipitating the Hg with HjS. 

KCN. On the other hand, KCN has a marked protective effect. 
Besides arresting the normal slow, anaerobic inactivation it actually 
protects the virus against inactivation on exposure to air. Its effect is, 
however, not so prolonged as is the case with Na^O, or cystein. Text- 
fig. 2 brings out this difference clearly. 
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If the respiratory enzymes present in the inoculum were concerned 
in the aerobic inactivation and the effect of KCN was indirect through 
its action on these, we should expect the protective effect to be more 
lasting. We must therefore look elsewhere for the explanation. 

One well-known property of KCN is to enter into reaction with 
organic disulphides to form sulphydril compounds. Since the unpurified 
juice has been used for the preparation of inocula it is possible that KCN 
may react with cystine and other similar compounds, thus indirectly 
producing reducing agents of the type which we have shown protect the 
virus. To test this point several experiments were carried out in which 
infective juice was added to solutions of buffer at pH 7, buff er -I- solid 
cystine, buffer cystine + KCN and buffer -h KCN. The results (Table IV) 
show that the presence of cystine alone is without effect, whereas when 
KCN is added as well the suspension has a protective effect which is 
greater (extending over a longer period) than when KCN alone is added. 
It therefore seems highly probable that the action of KCN is along the 
lines suggested. The reason for the relatively short period over which it 
exerts a protective action is to be found in the relatively small quantities 
of wilphydril compounds released from constituents of the juice. 
^Catechol and phenol. The action of these substances may conveniently 
be considered together. They cause a rapid inactivation of the virus when 
exposed to air. In the absence of oxygen the effect is similar but not 
quite so pronounced. 

In the presence of NagSOj their inactivating effect is inhibited. Re- 
ference to Table IV and Text-fig, 2 shows, for example, that a suspension 
of the virus in catechol (O-Ol 3f) -f Na^SO, (0*01 M) in buffer at pH 7 
was just as active after 12 hours’ exposure to air as it was 10 min. after 
preparation. A similar effect was obtained with an 0 0025 Jf solution of 
Na^SOj in presence of 0*01 M quinol. 

Suspensions of infective juice in phenol, catechol and quinol solutions 
(pH 7) all develop a dark colour on exposure to air. They do not do so 
in the absence of oxygen or in the presence of oxygen when NajiSOj is 
also present in suflScient concentration. Solutions of quinol and catechol 
alone in buffers of pH 7 are known to undergo autoxidation. The rate 
of production of coloured oxidation products is also much greater in the 
presence of the juice than in its absence. It appears therefore that there 
is present in the juice added along with the virus some substance (or 
group of substances) of the nature of a catalyst (or enzyme) which 
hastens the oxidation of these compoimds, thus producing quinones or 
similar substances, which then rapidly inactivate the virus. 
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Effect of temperature. The fact that the rate of inactivation of sus- 
pensions in the absence of oxygen varied from experiment to experiment 
presented a difficulty which required investigation. To this end the effect 
of temperature on the rate of inactivation in the absence of oxygen was 
investigated. 

The rate of inactivation was found to be greater at the higher tem- 
peratures. The difference would not account for the great range of varia- 
tion encountered, but showed that temperature differences were a 
contributing factor. 

(6) Attempts to reactivate virus which has been inactivated by various means. 

Suspensions of the virus were exposed to air and at various stages of 
the inactivation process these were subdivided and attempts made to 
reactivate the inactivated virus by adding Na^Oj, cystein or Na|S| 04 . 
In case any possible reactivation process had a lag period inoculations 
were made in some instances at suitable intervals after the addition of 
the solutions under test. In no case was there any significant difference 
between test and control suspensions. It is clear therefore that virus 
inactivated by exposure to air cannot be reactivated by the addition of 
such reducing agents as we have used. Reference to Table II B shows 
that these three substances operate at widely different potentials and 
cover the range down to the potential of the hydrogen electrode. It is 
therefore very unlikely that the virus can be reactivated by these means. 

As pointed out previously, virus which has been inactivated by HgCI^ 
cannot be reactivated by precipitation of the Hg by H^. 

(7) Tests to determine whether the effects observed are on the virus itself. 

On account of the rapid loss in infectivity of the juice expressed from 

diseased tomato plants, inocula were prepared by adding the juice direct 
(after filtration through muslin) to the suspension media. It is therefore 
possible that the inactivating action of some chemicals may have been 
due to an action on some constituent of the juice other than the virus, 
such as precipitation of an ingredient which then carried the virus down 
with it. In order to test this possibility the following series of experi- 
ments was carried out. 

Suspensions of tomato spotted wilt virus were prepared in buffer 
solution alone, buffer solution + KfCr ,07 (to make an 0*0005 Af solution), 
buffer solution -f-K 3 re(CN )4 (0*005 Af) and buffer solution + cystein 
(0*01 Af). Soon after preparation and again after 4 hours’ contact these 
suspensions were inoculated to Uiootiana tabaoum and N, glutinosa plants. 
Oxygen was excluded from these suspensions. At the same time sus- 
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penflionB of tobacco mosaic virus prepared from the untreated juice of 
diseased tobacco plants were made up in the same media to form a 
second series of inocula, and suspensions of tobacco mosaic virus similarly 
prepared from the untreated juice of tomato plants (same variety as 
used for tomato spotted wilt) artificially infected with tobacco mosaic 
formed a third series of inocula. Suspensions from the second and third 
series were inoculated on to N. glutinosa plants soon after preparation 
and again after 4 hours’ contact. The results are set out in Table V. 

Table V 

Showing that the action of certain chemicals is on the virus 
of tomato spotted tciU itself 

Numerator -No, of loaiuna produced by tent inoculum 
Denominator -No. of leaions produced by control inoculum. 


Tc«t »ub«tAn('^ 

( KiifTinrArl 

Tomato 
spotted wilt on 
y. iab€Uium 

Tomato 

spotted wilt on Mosaic from 

.V. gluiinoM tomato plants 

Time of contact (hours) 

Moeaic from 
tobacco plants 

y I^UUwi 

at pH 7) 

r 

0 

4 

0 

4 

0 

4 

0 

4 

0 005 if K,Cr,0, 

40, 


29, 

5* 

854 

1173, 

851 ^ 

664, 

378 

220 

255 

96 

1046 

1631 

1040 

997 

O imM K,Fe((’N 



44* 


1424 

1083 

673 

1085 

** 343 

73 

214 

56 

1372 

1110 

869 

1315 

0-01 if cystom 

757 

515, 

312 

258, 

979 

958 



335 

• P-=or 

113 

<001. 

227 

45 

1094 

t P 

824 

= or <0-02. 




Inoculation of suspensions of tomato spotted wilt containing the test 
substances on to N, glutinosa plants gave the same results as when 
inoculated on to tobacco plants. This^ together with the fact that a 
number of lesions are produced at zero time, and the results with mosaic 
suspensions containing the oxidizing agents, rules out the possibility of 
any large efiect of the chemicals on the host plant as distinct from action 
on the inoculum. There is also no appreciable difference between the 
behaviour of mosaic suspensions prepared from tobacco plant juice and 
from tomato plant juice. 

In the tests with tobacco and ''tomato” mosaic virus, KiFe(CN)« 
gave results which are not significantly different from the controls. The 
same applied to cystein with "tomato” mosaic. The presence of E^Cr, 07 , 
however, caused a small but significant reduction in the number of lesions 
produced by both "tomato” and tobacco mosaic suspensions after 
4 hours* contact. The difference between test and control at the 4-hour 
inoculation is not significantly different from the difference between test 
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and control at the first inoculation. The major effect would therefore 
appear to be one on the host plant. Nevertheless the fact that the indi- 
vidual differences are only doubtfully, if at all, significant at the first 
inoculation and clearly so at the second leads one to ascribe something 
to an effect on the virus itself. Larger effects may therefore be expected 
with longer times of contact, but the important point for our present 
purpose is that the total effect is small and the reaction (if any) is slow 
and in no way comparable with the effect of tomato spotted wilt inocula. 

In many cases (Table II A) the number of lesions at the first inocu- 
lation is fairly high, and the subsequent fall is clearly due to an action 
on the virus as distinct from an action on the test plant. 

Taken as a whole the results show, as well as it is possible to do so 
without actually isolating the tomato spotted wilt virus, that the effects 
observed are, in the main at least, due to an effect on the virus it^lf. 

B. Tobacco mosaic virus 

The effect of various chemical treatments on the activity of the virus. 

Tests similar to those described for tomato spotted wilt virus were 
carried out on suspensions of ordinary tobacco mosaic virus. The tech- 
nique was the same except that no attempt was made to exclude air for 
reasons already mentioned. The purpose of the tests was to see whether 
there was any reaction of reasonable speed such as would be of use in 
arriving at information concerning possible reactive groups and the like. 
Slow actions spread over some days are of little use in this connexion 
and therefore many of the tests were of short duration only. The results 
are set out in Table VI. 

With the exception of KMn 04 and chlorazene (which amounts to a 
test of the action of free chlorine) it is clear that oxidizing and reducing 
agents have no marked effect on this virus. KMnO^ is capable of 
destroying many organic substances, so that its action on the virus does 
not give any very useful information. 

The slight action of , discussed in a previous section of this 

paper, is also of very little use as a means of determining possible 
chemical affinities of the virus, but all these slow actions taken together 
and extended may at some future date be of value and so are recorded 
here. Quinone in hundredth molar solution caused a significant fall in 
the number of lesions, but in thousandth molar solution it had no effect. 

Also there is no significant change in the ratio . from 

^ ^ lesions from controJ 

the initial to the 6-hour inoculation. The same applies to the action of 
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catechol, although in this case there is no significant efiect at any one 
time. For these two substances it appears that the effects observed are 
on the host plant and not on the virus before inoculation. Bubbling 
through a suspension of the virus for 1 hour had no effect on the 
number of lesions produced. 

Table VI 

Effect of various chemicals on the activity of suspensions 
of ordinary tobacco mosaic virus 


All suspeniiionA were buffered at ®H 7 . Control suspenHions made up 
in buffer aolution of pH 7 . 





Lesions from test 



Molar 


Lesions from control 



cone. 



Hours 




of test 

f 


A 


^ 

Teat system 

substance 

0 

1 

3 

4 

6 

KMn04 

0*01 

66* 


2 • 


0 • 



299 

341 

251 


326 

KMn04 

0001 

100* 

89 * 

22 * 


3 • 



171 

199 

173 


188 

1 +KI 

1=0*001 

0*62 

0-59 

0-65 

— 

0*88 

Chloraxene 

0-001 

0 - 42 t 

0 - 41 * 

0 - 28 t 

— 

0 - 07 * 

KfCr|0, (toba<‘Co mosaic) 

0-005 

0 - 82 t 

— 

— 

0 - 67 * 

— 

K^Cr/)^ (“tomato*' mosaic) 

o-oai 

0-82 

— 

— 

0 - 72 * 

-- 

KgFe(CN)^ (tobacco mosaic) 

0-005 

0*75 

— 


0-83 

— 

K,Fe(CN)4 (“tomato” mosaic) 

0-006 

1-04 


— 

0-68 

— 

lodoxybenzene 

Saturated 

0-96 

— 

0-81 

— 

( 1-42 







after 







26 hr.) 

Quinone 

001 

0 - 25 * 

0 - 35 * 

0 - 24 * 

— 

0 * 33 * 

Quinone 

0-001 

1-14 

1-23 

0-80 


0-80 

Quinone for 4 hr. then + Na,RO, 

Q = 0-001 

— 

— 

— 

1*01 

— 


sulphite 







=0-01 






Catechol 

0-01 

0-78 

0-79 

0*78 

— 

0-65 

Na pyrogaUate 

0-01 

— 

1-00 

— 

— 

— 

Nl^SO, 

0-01 

— 

1-17 

— 

— 

— 

C3r8tein (“tomato” mosaic) 

0-0 1 

0*90 

— 

— 

1-17 

— 

N«AO. 

0-01 

— 

0-88 

— 

— 

— 


Saturated 

— 

1*03 

— 

— 

— 

KCN 

0*01 

0-89 

0*78 

0*81 


0*96 

HgCl. 

0*001 

0 - 32 * 

0 - 32 * 

0 - 26 * 

— 

0 - 34 * 

HgCl, + H,S 

— 

— 

113 

— 

— 

— 

• P^or <0 01. 


t = 

or <0-02. 




The effect of iodine (in the presence of KI) is rather interesting. 
After 10 min., 1 hour and 3 hours contact the effect was a reduction in 
the number of lesions to about 60 per cent of the control inoculum. The 
fact that the ratio is constant for these three inocula suggests again that 
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the effect is on the host plant, and the fact that at the final inoculation 
after 6 hours’ contact the apparent reduction is only 12 per cent tends 
to confirm this, since by this time much of the iodine had volatilized 
(the flasks were exposed to air with only a cotton-wool plug to prevent 
contamination). Potassium cyanide in 0*01 M solution had no significant 
effect after 6 hours’ contact. Mercuric chloride in 0*001 M concentration 
caused a reduction in the number of lesions to 32, 31-5, 25 and 23 per cent 
of the control after 10 min., 1 hour, 3 hours and 6 hours contact respec- 
tively. The immediate fall to a constant level again makes one suspect 
an effect on the host or test plant, and this view was supported by the 
following experiment. After a 1-hour contact the test suspension was 
divided into two parts, one was inoculated against the control without 
further treatment, while .the other one was treated with HjS to pre- 
cipitate the Hg and was then inoculated (after filtering off HgS) against 
the control. In all testa the half-leaf method of comparison was used. 

The inoculum containing HgCl^ gave about half as many lesions as 
the control, whereas the inoculum from which the Hg had been pre- 
cipitated actually gave more lesions than the control, but this difference 
was not significant. There is still the possibility that the HgCl^ had 
combined with the virus rendering it temporarily inactive, and that the 
removal of Hg by H^S again set free the virus, but this seems a less 
probable explanation. Contact with HgCl^ for longer periods (up to 
2 months) resulted in complete inactivation of the virus. This result is 
interesting but has no bearing on the short period tests just discussed. 
Pyrogallate, Na,S 03 , cystein and NajS^Oi had no effect on virus activity 
over the short times of contact tested in this work. 

V. Summary 

A. Tomato spotted wilt virus 
(AU tests made with suspensions buffered at pH 7) 

1. The concentration of active virus units in suspensions of tomato 
spotted wilt virus stored at O^C. in a buffer solution of pH 7 was main- 
tained without loss for 11 hours by excluding free oxygen. 

2. A significant fall in the concentration of active virus units occurred 
in suspensions treated as in (1) but through which air was bubbled. 

3. At room temperatures the virus underwent fairly rapid inactiva- 
tion even in the absence of free oxygen, although the presence of oxygen 
hastened the inactivation. The rate of inactivation in the absence of 
oxygen varied from time to time, and it is concluded that this inactiva- 
tion was due to the presence in the infective juice of some oxidized 
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substance which is usually present in only small but variable amounts, 
and that it is reduced by those substances (see (4) below) which arrest 
anaerobic inactivation. 

4. Certain substances added in the reduced form which yield sus- 
pensions with an value of -f 0*1 volt or less at pH 7 arrested the 
normal anerobic inactivation of the virus. The remarkable preservative 
action of cystein is discussed. 

5. The virus was rapidly inactivated in vUro by 0*001 3f solutions 
of oxidizing agents which induced in the suspensions a potential greater 
than -f 0*2 volt at pH 7. With the exception of methylene blue, oxidizing 
agents which gave a suspension with an value below -f 0-1 volt at 
pH 7 did not inactivate the virus. 

6. The reducing agents referred to in (4) protected the virus against 
inactivation when exposed to air. This protective effect was not per- 
manent but prolonged the activity of inocula for many hours beyond 
that of the controls. 

7. The effect on the virus of a number of other substances was also 
examined. Those having greatest interest are : (a) KCN, which in 0-01 M 
solution protected the virus both against anaerobic and aerobic inacti- 
vation. Its probable mode of action is discussed on the bases of experi- 
ments reported. (6) HgCl^, which in 0*001 M solution caused instan- 
taneous inactivation of the virus, (c) Cathecol, quinol and phenol alone 
inactivated the virus in the presence of air, but did not do so if Na^Oj 
was also present. It is concluded that secondary oxidation products 
caused the inactivation observed, 

8. Attempts to reactivate virus which had been inactivated by ex- 
posure to air or by means of HgCl, were unsuccessful. 

9. It has been shown that the inactivating effects observed are due 
to an action on the virus itself. 

B. Tobacco mosaic virus 
{AU tests made with suspension buffered at pH 7) 

The effect of various chemicals on the activity of tobacco virus 1 
was tested, chiefty as a means of comparing it with the virus of tomato 
spotted wilt. 

Of the fifteen chemicals tested only KMn 04 and chlorazene caused 
a rapid inactivation. Benzoquinone, iodine, K^¥e{Ci^)^y iodoxybenzene, 
KCN (0*01 Af ), and a number of well-known reducing agents covering 
the potential range down to that of the hydrogen electrode (pH 7), did 
not affect virus activity over the relatively short time periods tested. 

Ann. Biol, xxm 51 
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(0*005 Af) appeared to have a slight inactivating effect after 
4 hours’ contact. Contact with HgCl^ (0*001 Af) for a few hours did not 
affect the virus but contact for longer periods caused complete inacti- 
vation. 
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ON THE BIOLOGY OF CERTAIN SPECIES OF 
HOLCOCNEME^ KON. (HYMENOPTERA- 
SYMPHYTA) 

By HERBERT W. MILES, D.Sc., Ph.D. 

Victoria University qf Manchester 

(With Plates XXXVII and XXXVIII and 4 Text-figures) 

Four members of the genus Holcocneme Kon. {NemcUiMs Panz.)(8) are re- 
corded as British and they may be identified with the aid of the following 
key: 

1. Tarsal claws bifid 2. 

Tarsal claws with a subapical tooth and abdomen with some red dorsally 

H. erichsom Htg. 

2. Head with transverse frontal ridge unbroken; pronotum and abdomen black... 3. 

Head with transverse frontal ridge broadly broken through ; pronotum red and 
abdomen girdled with red H. lucida Panz. 

3. The long spur on hind tibia at least half as long as the metatarsus 

H. crassa Fall. 

The long spur on the hind tibia at most only one -third the length of the metatarsus 

H. caenileocEcrpa Htg. 

Holcocneme erichsoni, well known (9) as the large larch saw-fly, occurs 
during May, June and July and may be sufficiently numerous to cause 
extensive defoliation in larch plantations. Holcocneme lucida occurs in 
early spring about the time Prunm sp. are in flower and appears to be 
widely distributed but not common. Holcocneme caenileocarpa is common 
on Salix and Pojmlus and may be taken from May to August. Holcocneme 
crassa has not been taken by the writer in the north of England, but has 
been taken occasionally by Perkins (19) on Salijc in Devonshire. The adults 
and larvae of Holcocneme crassa described in this paper were reared by 
Mr R. B, Benson, M.A. from Rumex in Hertfordshire. 

Bionomics of Holcocneme caeruleocarpa Htg. 

Females of this species may be taken on willows and poplars. They 
fly fairly readily, and generally alight on the leaves and immediately 
walk over the edge to the under side. Later they rest motionless for 
long periods on the main stems or on the under surface of the leaves. 

^ R. B. Benson (1935), EnJ. Mo. Mag. hxxi, 240 proposes certain alterations in the 
Nematlnae including ^^Nematus Panzer with N. lueidus Panzer as ty fte ~ ...Hoicocneme 
Konow....** 


61-2 
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Oviposition and incvhation 

Salix purpurea and S. fragilis are most frequently selected by ovi- 
positing females but eggs are also laid upon >S. triand/ra, S, vimitMlis and 
various species of Populus, After examining the lower surface of the 
leaf with the tip of the abdomen, the insect forces the terebra into the 
tissue, curves the saws forward beneath the epidermis and cuts a pocket- 
shaped incision. The egg is placed in this prepared cavity. 

Eggs are usually laid on the lower surface of the leaves, most fre- 
quently between lateral veins and nearer to the mid-rib than the margin, 
but occasionally just within the margin. At first the egg incisions are 
not easily seen, but after 2 or 3 days the eggs increase in size and in 
6 or 6 days after oviposition the egg site is conspicuous (PI. XXXVII, 
fig. 1). The edges of the incision are forced apart during incubation and 
the outline of the egg becomes visible. The period of incubation for eggs 
laid during May is 8-9 days. 

The larval stages 

At eclosion the larva is smoky grey with the head darker than the 
body, but after 3 or 4 days it appears to be dark green because the green 
contents of the alimentary canal are visible through the grey integument. 
The head is black and the legs are dark with dark brown or black tarsal 
claws. The larva is slender and tapers toward the tip of the abdomen 
where there is a pair of small, dark green pseudocerci. As in other 
nematine saw-flies, prolegs occur on segments 5-10 and 13. There are 
a few short setae on the epipleurites of the body segments and on the 
vertex of the head. The duration of the first stadium is 3-4 days, and at 
its close the larva is 5-6 mm. long. When beginning to feed the first-instar 
larva bites into the leaf tissue from the under side and makes a hole. 
The hole is gradually enlarged and the larva feeds lying in a curved 
position along the edge of the broken tissue. Feeding at the first site 
may continue for 2 or 3 days, or, if the hole extends to the leaf margin 
the larva may travel towards the leaf stalk to feed near the base of the 
leaf or may cross the leaf and begin to feed on the opposite edge. 

When ready to moult the larva crawls to the edge of the upper side 
of a leaf, grips it with the prolegs and hangs the head and thorax over 
the edge. The thorax becomes distended, and the integument of the 
prothorax stretches until the annulation is no longer apparent. The skin 
ruptures along the mid-dorsal line of the thorax, along the epicranial 
suture and often along one arm of the frontal suture. The thorax then 
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protrudes through the opening and the head is released when the chitinous 
intima of the stomodaeum is shed. The body is pushed forward and the 
legs are detached from the old skin and used for support, while the skin 



1 6 niiu 

Text-fig. 1 A 

Text fig 1 A-G Holrocneme oaeniltocxirpa Htg , larva A, head lateral view B, 6th segment 
lateral view showing annulation and setiferation C, caudal segment showing pseudo- 
oerci (lateral view) D, caudal segment showing pseudocerci (dorsal view) E, la brum 
ventral view F, maxilla. G, antenna o = ocellus, a == antenna, c =clypeuB, 
I =labrum, m = mandible, nu: = maxilla, mx p — maxiUai^ palp. Ip = labial palp, 
a = spiracle, a a = alar area, pr =:pre-epipleunte, po -“post epipleunte, up -proleg, 
p^. = pseudocerous, aa I =Bubanal lobe, pa. = galea, lac =laoima 

is worked backwards over the body segments and prolegs. The insect 
may rest a few minutes before the caudal segments are finally detached. 
The exuviae frequently remain attached to the leaf. 

In the second instar the larva is dark green and rather shining with 
the head black. Annulation and arrangement of setae are as occur in the 
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first mstar, but setae are inconspicuous unless tbe larva is examined with a 
lens The second stadium lasts 3-4 days and the larva attains a length 
of about 10 mm. Larvae of the second mstar bite through the leaf and 
feed lymg along the edge as illustrated by Cameron ( 3 ) or may feed along 
the edge of the leaf Usually they feed without the vigorous waving of 
the body frequently seen amoi^ gregarious nematme larvae. 

In the third mstar the larva is dark green dorsally and lighter green 
laterally and ventrally The head is dark greemsh brown and sparsely 


. r D 



Text fig 1 B 


clothed with short dark setae, and short, mconspicuous setae also arise 
from famt dark spots on the alar area, epipleuntes and certam of the 
annulets The larvae in this mstar feed along the margm of the leaf and 
attain a length of 14-15 mm The third stadium lasts 2-4 days 

In the fourth mstar the larvae are hght or dark green with the head 
(Text-fig 1 A) brownish or light, yellowish brown with darker coloration 
at the sides above the ocelh and on the vertex where there are also a 
few pale scattered setae The ocelh are small and encircled by a black 
nng. The antennae are of the flattened disc type frequently met with 
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in nematine larvae and, as the chitinous plates indicate, have four 
segments (Text-fig. 1 G). The frons is darker at the apex than at the 
base. The clypeus and labrum are light coloured, and the labrum is 
deeply emarginate (Text-fig. 1 E). The mandibles are dark brown at 
their tips and lighter brown at their bases. The maxillae are stout and 





0 8 mill 


Text-fig. 1 D 



0 12 nim 


Text-fig. 1 E 






0 1 mm 


Text-fig. IG 


fleshy and the maxillary palps are four-segmented. The form of the galea 
and lacinia is shown in Text-fig. 1 F. The labium is short and fleshy and 
bears short, three-segmented palps. On each side of the mid-dorsal line 
of the body are two inconspicuous longitudinal dark green bands which 
shade off into lighter areas which in turn are flanked by more distinct 
dorso-lateral dark green bands. Below the spiracular line the colour is 
pale green like the ventral surface. The legs are green, with the tarsal 
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clawB brown. The prolegs are pale green and the prominent and cylin- 
drical pseudocerci are light brown and sometimes darker at the tips 
(Text-fig. 1 C and D). The annulation is sharply defined and even. 
A typical segment (Text-fig. 1 B) has six annulets (12) of which the second 
and fourth {B and C^) bear a few scattered setae arising from dark bases. 
Setae arising from conspicuous dark spots also occur on the alar area 
and on the epipleurites. Larvae in the fourth instar are of two sizes. 
The smaller, and usually darker, are males and after feeding for 3-4 days 
they attain a length of about 18 mm. and leave the host plants for 
pupation. The larger larvae are females and after feeding for 2-4 days 
they moult. During the fourth stadium larvae feed voraciously; they 
cling closely to the leaf edges and their colour harmonises so well with 
that of the leaves that they are easily overlooked (PL XXXVII, fig. 2). 

Only females have a fifth larval instar. The fifth stage lasts for about 
4 days, during which the larvae attain a length of about 23-24 mm. 
They resemble larvae of the fourth instar and cling along the edges of 
the leaves when feeding. Under the name of Nematm craasua Fall. 

Table I 

H, caenUeocarpa 


Duration of stadia in days 



1st 

2nd 

3rd 

4th 

6th 

> 


Nos. 

stadia 

stadia 

stadia 

stadia 

stadia 

Total 

Sex 

1 

4 

3 

2 

5 

— 

14 

d 

2 

3 

4 

4 

4 

4 

19 

$ 

3 

4 

4 

3 

4 

3 

18 

$ 

4 

4 

3 

3 

4 

— 

14 

(T 

5 

4 

4 

4 

2 

4 

18 

$ 

6 

4 

4 

3 

3 

4 

18 

? 

7 

4 

4 

4 

3 

— 

16 

c? 

8 

4 

4 

3 

3 

— 

14 

6 

9 

4 

3 

4 

3 

4 

18 

$ 

10 

5 

4 

2 

4 

3 

18 

? 


3-6 

3-4 

2-4 

2-4 

3-4 

14-19 





Frons width in mm. 




Nos. 

1st instar 

2nd instar 

3rd instar 

4th instar 

Sex 

1 

0-20 


0*30 

0*37 


— 


2 

0-20 


0-29 

0*37 


0*65 

$ 

3 

0-21 


0*30 

0*39 


0*69 

? 

4 

019 


0*31 

0*38 


— 


5 

0-20 


0*30 

0*37 


0*68 

$ 

6 

0-20 


0*30 

0*40 


0*67 

$ 

7 

0-20 


0*31 

0*41 


— 

c? 

8 

019 


0*30 

0*40 


— 

(? 

9 

0*20 


0*31 

0*39 


0*62 

? 

10 

0*21 


0*30 

0*41 


0*68 

? 

Average 

0*20 


0*30 

0*89 


0*68 


Growth ratio 


1*6 


1*8 

1*6 

Average 1*48 
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Brischke & Zaddacli(2) figure larvae which for size, colour and attitudes 
are undoubtedly those of Holcocneme caeruleocarpa. 

The larval stage of H. caeruleocarpa occupies 14-19 days during May 
and early June. Details given in Table I regarding a batch of ten larvae 
that hatched on 28 May show that larval development is fairly regular. 
Each stadium varied from 2 to 6 days. Males had four stadia and 
matured in 14-15 days and females became mature in the fifth stadium, 
18-19 days after hatching. The growth ratio of these larvae was 1*43. 

Construction of the cocoon and pupation 

Fully fed larvae leave the host plants and penetrate 2-3 in. into the 
soil. They construct large dark elongate cocoons with soil particles in- 
corporated in the outer layers of coarse silken strands. The inner layer 
consists of a secretion of saliva that hardens and becomes parchment-like. 
The cocoons are 12-16 mm. long, and the saw-flies escape through a 
circular hole cut in one end with the mandibles. 

Adults from the first generation of larvae emerge after 21-27 days 
in the cocoon. The second generation of larvae hibernate in the cocoons 
and emerge after 9 or 10 months. Occasionally some members of the 
second generation emerge after 3-4 weeks in the cocoons and give rise 
to a third generation in the early autumn. 

The annual cycle 

H, caeruleocarpa is usually bivoltine in the north-west of England, 
but in favourable seasons there may be a partial third generation. 

Adults emerge in spring over a period of 4-5 weeks, and as a result 
it is difficult to separate the generations in the field. From June to early 
August adults and larvae may be found on the host plants, while the 
insect is present in some form from April to October. An examination 
of collected material indicates that adults are numerous from 15 to 
25 May, and during July and August, with July as the period of maximum 
occurrence. Under normal conditions adults that emerge in May produce 
larvae which become fully fed about a month later, and give rise to 
adults of the second generation in July. Larvae from the July adults 
become fully fed in August and generally pass into hibernation. In some 
seasons adults that emerge early in May produce a generation of adults 
which oviposits towards the end of July. The second generation of larvae 
mature by mid- August and produce a third generation of adults in early 
September. Larvae from tins generation feed until early October with 
laggard larvae from the second generation. 
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Parthenogenesis 

Arrhenotokous parthenogenesis, as noted by En8lin(4), occurs in 
H, caenUeocarpa, and eggs from virgin females produce males. In this 
the species resembles many species of Pteronidea and Amauronematus {U), 

Males and females occur in approximately equal numbers in the field 
though males appear to be more numerous in July, possibly because 
inclement weather may cause females of the first generation to lay eggs 
before mating. 

Distribution 

Holcocneme caeruleocarpa appears to be common in the north-west 
of England, and is abundant in commercial willow beds. Perkins does 
not list the species from Devonshire, which suggests that it is much less 
common there than in the north. Morice(i6) states that he has not taken 
it in the south-east of England, though it occurs in the London district 
and in Hertfordshire (R.B.B.). Cameron (3) states that while it appears 
common in England he has not taken it in Scotland. These observations 
suggest that although H. caeruleocarpa is common in parts of Britain, 
it is not generally distributed and appears to be confined mainly to the 
northern parts of England and, perhaps, south Scotland. 

Bionomics of Holcocneme lucida Panz. 

H, lucida occurs on wild and cultivated species of Prunus^ but larvae 
are rarely so numerous as to cause appreciable injury to the foliage. 
It is a rather large, handsome saw-fly (PI. XXXVII, fig. 3) with a dis- 
tinctly tapering body and is mainly shining black with a broad reddish 
band across the abdomen, reddish tegulae and legs; the antennae are 
long, slender and dark-coloured ; the wings are hyaline with the stigma 
and veins dark; and the tibiae have two stout spurs. Adults are on the 
wing from mid- April to mid-May, and may be found among the blossoms 
and unfolding leaves of plum, damson and blackthorn. Perkins (19) re- 
cords Holcocneme lucida from Crataegus but the writer has taken neither 
larvae nor adults on this host. 

Oviposition and incubation 

At oviposition the female makes a shallow longitudinal incision in 
the surface tissue of a vein on the under side of a leaf. The egg (PI. 
XXXVIII, fig. 5) is laid along the incision and held in place by the edges 
of the tissue. In appearance and position eggs of H. lucida resemble 
those of Pteronidea ribesii Scop, (13) but are longer and taper distinctly 
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at both ends. Usually only one egg occurs on a leaf but occasionally 
two may be found. 

Eggs laid on 9 May hatched 18-19 May, eggs laid on 17 May hatched 
on 24 May, and eggs laid on 20 May hatched on 30 May. Thus the incu- 
bation period for eggs under observation varied from 7 to 10 days. 

Larval stage 

The larva emerges on the under side of the leaf and generally begins 
to feed at a short distance from the shrivelled chorion (PI. XXXVIII, 
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H mill 

Text-fig. 2 A 

Text-fig 2 A-Q, Hdcocneme luc\da Panz , larva A, head lateral view. B, 6th segment 
lateral view. C, caudal segment (lateral) D, caudal segment (dorsal) E, labrum 
ventral view F, maxilla G, antenna (Lettermg as in Text-fig 1 ) 

fig. 6). It bites a small hole in the leaf, then gradually enlarges the hole 
and hes in a curved position along its edge. Occasionally the tip of the 
body is raised above the edge of the hole or slightly curled on the under 
side of the leaf. The larva contmues feeding and the hole becomes larger 
until it extends to the leaf margin. The larva may then continue feeding 
along the edge of the leaf, or may migrate to another leaf and feed along 
its edge. When feeding the larva remains almost motionless except for 


790 Biology of Certain Species of Holcocneme Kon. 

rhjthmic movements of the head and periodic voiding of frass. When 
disturbed it raises the abdomen and performs the rapid waving move- 
ments characteristic of gregarious saw-fly larvae. 

In the first instar the larva is pale leaf green with a large black head 
and slender body slightly swollen at the tip. The caudal tergum is dark 
and bears short black pseudocerci. The thoracic legs are dark; the 
prolegs are pale green and, as is usual in Nemaiini, occur on segments 
6-10 and 13. 



I 

1‘6 mm 
Text-fig. 2 6 


In the second instar the larva is pale green with a dark mid-dorsal 
band and the head black. The caudal tergum and pseudocerci are black, 
and small clusters of short dark setae with black bases occur on the 
epipleurites. The abdominal segments have six annulets, 
and Z), of which B and bear short dark setae. 

In the third larval instar the head is dark brown and covered with 
short dark setae. The body is pale green with a dark caudal plate and 
a row of small dark areas on the epipleurites. The short black pseudocerci 
are swollen and conspicuous; the legs are dark and bear black tarsal 
claws; and the dark setae are distinct on annulets B and and on the 
alar areas, epipleurites and prolegs. Larvae in the third instar measure 
10-12 min. 
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In the fourth larval instar the head (Text-fig. 2 A) is light, yellowish 
brown, with the frons dark brown, and dark brown areas extending along 
the epicranial suture and from the ocelli towards the vertex. In Hoi- 
cocneme ludda the vertex, frons and genae are densely covered with 
short pale setae, whereas corresponding areas on the head of the larva 
of H. caeruleocarpa bear only a few scattered setae. The ocelli are small 
and set in black circles. The antennae (Text-fig. 2 G) have four segments, 
and are slightly larger and more prominent than those of larvae of 
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Text-fig. 2 D 



0 42 inni 
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H, caeruleocarpa. The clypeus and labrum are pale along their margins, 
and the labrum (Text-fig. 2 E) is deeply emarginate. The mandibles are 
pale with the teeth densely sclerotized. The maxillae (Text-fig. 2 F) are 
fleshy and have four-segmented palpi. The labium is prominent and 
fleshy, and the three-segmented labial palpi are short and slender. 

The body is rather bluish green dorsally and light grass green ven- 
trally, the colours meeting along the spiracular line. Scattered setae 
occur on annulets B and of the segments and on the alar areas, the 
epipleurites and the prolegs (Text-fig. 2 B), but they are short and 
colourless, and rather difficult to distinguish. The thoracic legs are trans- 
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lucent pale green with the tarsal claws light brown, and the prolegs are 
pale green. The spiracles are small and inconspicuous. The epiproct is 
light yellowish brown, and the conspicuous pseudocerci are brown and 
dilated at the apex (Text-fig. 2 C and D). The suranal lobe bears a few 
short spiny processes and these, together with the pseudocerci, are of 
great value in distinguishing larvae of H. Ittcida. Larvae in the fourth 
instar measure 14:^16 mm. 

Males become mature in the fourth instar and enter the soil for 
hibernation and pupation. Females undergo a fourth ecdysis and have 
a fifth feeding instar. Larvae in the fifth instar (PI. XXXVIII, fig. 6) 
are similar in appearance to those in the fourth but are 18-20 mm. long. 

Table II gives details concerning the number and duration of the 
larval stadia of H. lucida and measured frons’ widths in successive instars. 
Larvae of H. lucida kept under observation became fully fed in the 
period from 29 May to 28 June and after the latter date larvae were 
not taken in the field. 


Table II 




//. lucida 






Duration of stadia in days 

A 




let 2nd 3rd 

4th 

6th 



Noe. 

stadia stadia stadia 

stadia 

stadia 

Period 

Sex 

1 

5 5 

4 

6 

— 

19 

6 

2 

4 4 

3 

3 

— 

14 


3 

4 4 

3 

2 

4 

17 

9 

4 

4 3 

2 

3 

4 

16 

9 

6 

4 3 

3 

2 

6 

17 

9 

6 

3 2 

2 

4 

— 

11 


7 

3 2 

2 

3 

4 

14 

9 

8 

3 3 

2 

3 

3 

14 

9 

9 

2 2 

2 

2 killf-d 



9 

10 

3 died 






2-5 2-5 2-4 

2-5 

3-6 





Frons width in mm. 

A 




Noe. 

f 

let instar 

2nd instar 

3rd instar 

4th instar 

Sex 

1 

0-237 

0-312 

0-387 


— 

c? 

2 

0-237 

0-326 

0-416 


— 


3 

0-256 

0-326 

0-426 


0-676 

9 

4 

0-262 

0-326 

0-466 


0-687 

9 

5 

0-262 

0-326 

0-470 


0-612 

9 

6 

0-268 

0-360 

0-462 


— 


7 

0-260 

0-360 

0-462 


0-660 

9 

8 

0-262 

0-342 

0-462 


0-662 

9 

9 

0-266 

0-320 

0-466 


— 


10 

0-260 

— 

— 


— 

— 

Average 

0-254 

0-332 

0-442 


0-677 


Growth ratio 

1-3 

1-33 

1-29 

Average 1-3 
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Construction of the cocoon and pupation 

Mature larvae leave the foliage of the host plant and construct 
cocoons in the top 3 in. of soil. The cocoons are of tough, parchment- 
like substance, oval in shape and very dark brown in colour, and are 
10-12 mm. long. Larvae entering the soil in May or June remain in the 
cocoons as prepupae until the following March or April when pupation 
takes place. 

Annual cydc and parthenogenesis 

Holcocnerm lucida Panz. is univoltine. The species has arrhenotokous 
parthenogenesis and males and females appear in about equal numbers 
in the localities where the insects occur. 

On Holcocnkme crassa Fall. 

Host plants, distribution and flight period 

Little appears to be known of the biology and immature stages of 
this species. Zaddach(2) regarded it as a variety of H. caeruleocarpa Htg. 
Cameron (3) discussed the confusion that had long existed with regard 
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1*6 mm. 

Text-fig. 3 A 

Text-fig. 3A-G. Hoicocneme craaaa Fall., larva. A, head lateral view. B, 0th segment 
lateral view. C, caudal segment (lateral). D, caudal segment (dorsal). E, labrum 
ventral view. F, maxilla. G, antenna. (Lettering as in Text-fig. 1.) 
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to both species and stated that he considered them distinct. Cameron 
thought orassa was ‘‘a northern species in Britain”,* since he obtained 
it in June on aspens at Braemar and Kingussie. Enslin(4) considered 
the two species distinct, but stated that the larva of crassa was not 
known with certainty. Heinrich (5) reared H, craasa from Rumex obtusi- 
folius L. and gave a brief description of the larva. Perkins (19) obtained 
larvae of Holcocneme crassa from Salix in Devon, and Mr Benson, who 
reared the species from a larva found on Betula, has also verified 
Heinrich’s observation by rearing the species from Rumex in Hertford- 
shire. 



Text-fig. 3 C 


0 8 nun 

Text-fig. 3 B 

Holcocneme crassa is widely distributed in Britain, and the British 
Museum collection contains specimens from Hampshire, Suffolk, Hert- 
fordshire, Cambridgeshire, Surrey and Buckingham. Data on these 
specimens indicate that the flight period extends over May, June and 
July, but little is known of the annual cycle and nature of partheno- 
genesis. 

The following description and Text-fig. 3 were made from mature 
larvae reared on Rumex by Mr Benson. 

The larva of Holcocneme crassa Fall, 

The head (Text-fig. 3 A) is greenish and sparsely clothed with short 
pale setae as in H, caeruleocarpa. Light brown streaks consisting of 
minute pigment spots extend from above the ocelli towards the vertex 
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and along the epicranial suture. The ocelli are ringed by a narrow black 
or dark brown circle. The antennae are four-segmented and of the 
flattened disc type with a slightly protruding apical segment (Text- 
fig. 3 G). The frons is entirely pale; the trophi are pale, and the apex of 
the mandibles brown. The body is green, the dorsal surface being darker 
than the ventral surface. The spiracles are small and brown. The legs 
are green and clothed sparsely with short, pale setae, and the tarsal 
claws are brown. As in other nematine larvae, prolegs occur on segments 
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Tezt-fig. 3 D 
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Text-fig. 3 F 
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Text-fig. 3 E 
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Text-fig. 3 G 


5-40 and 13 and bear scattered pale setae. The annulation is similar to 
that of J?. cderuleocarpa and the epipleurites are distinct and protruding. 
A typical body segment (Text-fig. 3 B) has six annulets A, 5, Cj, 
and Z). Setae occur on B and (7g, on the alar areas below C, and on the 
pre-epipleurites and the post-epipleurites. The caudal segment (Text- 
fig. 3 C and D) is clothed with long setae, especially on the tergum and 
on the subanal lobe. 

The pseudocerci are prominent and acuminate, thus differing in shape 
from those of both H, oaendeooarpa and Zf. lucida, 

Ann. Biol, xxm 52 
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Bionomics op Holcocneme erichsoni Htg. 

One of the first accounts of the biology of H, erichsoni Htg.(i7), the 
large larch saw-fly, in England is that of MacDougall(9) who, in 1906, 
gave a r^suin^ of what was known of this species in European and 
American literature. In 1908 Hewitt (6) supplemented MacDougall’s ac- 
count with biological details that he had accumulated while studjdng 
the epidemic occurrence of the species in the Lake District of England. 
Subsequently Mangan(n), MacDougall(iO), and Hewitt(7) made further 
contributions to the knowledge of H. erichsoni, and it is from these 
sources and the reports (i) published by the Board of Agriculture (Intelli- 
gence Division) that the following summary has been compiled. 

Flight period 

Adults begin to emerge from the cocoons towards the end of April 
and emergence continues until the end of July, the flight period being, 
therefore, 3 months. The period of maximum occurrence is the end of 
May and the beginning of June (Hewitt(6)). 

OviposUion and period of incubation 

The females lay their eggs in incisions in the new green growth at 
the tips of the shoots, about thirty eggs occurring in a shoot. The insect 
takes 3-6 min. to make an incision and lay the egg within it. The eggs 
are vitreous white in colour, elongate oval in shape, and about 1-5 mm. 
long. The shoots in which eggs have been laid tend to curl as growth 
proceeds, and they may wither and turn brown as a result of the wounds 
made at oviposition (Hewitt). The swelling of the eggs during incubation 
forces the sides of the incisions apart so that the eggs are partly visible 
in their pockets. The period of incubation is 8-10 days. 

The larva 

Since numbers of eggs occur together, newly hatched larvae feed 
gregariously and soon defoliate the shoots around the egg sites. They 
then move to neighbouring shoots to feed, and masses of half-grown 
larvae may be seen at the tips of defoliated shoots. 

Hewitt (7) gives the following description of the larvae of the first 
instar: 

“ The newly-hatched larvae are greenish white and measure 2 mm. 
in length. The head is abnormally large and at first similar in colour to 
the body with brownish black eyes and brown jaws. By the end of 
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twenty-four hours, the head has become sepia-brown in colour and the 
body assumes a greenish appearance owing to the presence of food in 
the intestine/’ 

The mature larva (Text-fig. 4) has the head black or dark brown, 
and the body greyish green dorsally and pale green ventrally. In general 
form and colour the head bears a close resemblance to that of H. ludda. 
It is rather thickly set with pale setae and has streaks of darker colour 
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Text-fig. 4 A 

Text-fig. 4 A-G. Holcocneme erichsoni Htg., larva. A, head lateral view. B, 6th segment 
lateral view. C, caudal segment (lateral). 1), caudal segment (dorsal). E, labrum 
ventral \iew, F, maxilla. G, antenna. (LetU*ring as in Text-fig. 1.) 


extending from the ocelli towards the vertex which is also dark. The 
ocelli are surrounded by narrow dark brown rings; the antennae (Text- 
fig. 4 6) are pale, and, like those of larvae of H, caeruleocarpa, have the 
three basal segments flat and the apical segment conical. The frons is 
dark brown at the apex, and the clypeus is pale with a dark streak along 
the base, and the labrum (Text-fig. 4 E) is pale and emarginate. The 
mandibles are pale yellow with the teeth slightly darker. The maxillae 
(Text-fig. 4 F) are pale and fleshy and the palps are four-segmented, 

62-2 
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The labium protrudes, as in H, hmda, and the labial palps are short, 
fleshy and three-segmented. 

The annulation (Text-fig. 4 B) of the body segments is fine and even. 
Setae are short and colourless, and occur fairly thickly on the alar area 
and the epipleurites. Each typical segment has six annulets, A, B, Cj, 
Cj, Cj and D ; B and Cj bear setae that arise from protruding colourless, 
raised bases (Text-fig. 4 B). The legs are pale green and the tarsal claws 
light yellowish brown, and prolegs occur on segments 5-10 and 13. The 



1-6 mm. 

Text-fig. 4 B 

caudal prolegs are rather small and there are no pseudocerci, but the 
epiproct is closely studded with short colourless setae arising from 
slightly raised bases (Text-fig. 4 C and D). (Author’s description from 
Hewitt’s English material.) 

Data collected by Hewitt in England <6) show that the larvae have 
six stadia before reaching maturity. Packard (is) stated that in America 
there appeared to be four stadia; but subsequently Hewitt (7) recorded 
that H. erkhsoni had five larval stadia in Canada and pointed out that 
Packard might have missed a stadium since there were other errors in 
his account. It is, however, difficult to account for the difierence between 
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the number of larval stadia in H. erichsoni in England and Canada. 
There is, unfortunately, no information regarding the sex of the Canadian 
insects, but from the observations of others (MacDougall and Mangan) 
it seems that the English larvae were females. 

Observations on H, ludda and H. caeruleocarpa show that differences 
in the number of larval stadia are directly associated with sex, females 
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Text-fig. 4 F 

having one more stadium than males. It is possible that Hewitt's 
Canadian larvae were males and, therefore, may have had one ecdysis 
less than the English larvae which appear to have been females. 

The annual cycle 

According to Hewitt and others, H, erichsoni is univoltine. The 
emergence period is protracted, and some imagines emerge in late June 
and in July when the progeny of the early adults are reaching maturity. 
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Hewitt suggests that this seems to indicate that there is more than one 
generation in the year, but he states definitely that in his rearing experi- 
ments he failed to get emergences from larvae of the current year. The 
Board of Agriculture (i) publishes data that indicate that some individuals 
remain in the cocoons through two winters, a phenomenon that has been 
observed in certain other univoltine species (16). 


SrrMMARY 

Four representatives of the genus Holcocneme Kon. occur more or 
less commonly in Britain. 

if. caeruleocarpa Htg. breeds on Salix and Pojmlus, It oviposits in 
pocket-shaped incisions in the leaves, and the eggs have an incubation 
period of 8-9 days. The young larvae are dark with the head black, 
older larvae are green with the head brown. A typical body segment 
has six annulets with dorsal setae on the second and fourth and the 
caudal segment has prominent cylindrical pseudocerci rounded at the 
apex. Females have five and males have four larval stadia, and pupation 
takes place in dark brown cocoons in the soil. There are two or three 
generations during the year, and the insects pass the winter in the 
cocoons. Parthenogenetic reproduction produces males. 

Holcocneme lucida Panz. breeds on species of Prunus and lays its 
eggs in shallow incisions along the veins on the imder surface of the 
leaves. The incubation period is 7-10 days. The larvae are yellowish 
green with the head brown. A typical body segment has six annulets 
of which the second and fourth are setiferous ; the caudal segment bears 
prominent pseudocerci that are broader at the apex than at the base. 
Females have five larval stadia and males four. Pupation takes place 
in brown cocoons in the soil. The species is univoltine and partheno- 
genesis is arrhenotokous. 

Holcocneme crasaa Fall, is widely distributed in Britain and has been 
recorded as breeding on Salix^ Populus and Rumex. The larvae are green 
with the head greenish brown and the annulation of the body segments 
is similar to that of Holcocneme caeruleocarpa. The setae are longer and 
rather denser than those of H, caeruleocarpa and the pseudocerci are 
acuminate. 

The biology of H. erichsoni Htg. is described from the published 
accounts of MacDougall, Hewitt and Mangan. The females oviposit in 
the young shoots of larch; the larvae are greyish green, and though the 
annulation of .the body segments is somewhat similar to that of H. lucida^ 
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the caudal segment has no pseudocerci and the arrangement of the setae 
differs from that of the other larvae described here. Females have six 
larval stadia. The tough brown cocoons are constructed at the surface 
of the soil. In Britain the species is thelytokous and parthenogenetic 
reproduction produces females. 

The differences in the biology of the species and in the form and 
structure of their larval stages, together with differences in the structure 
of the adults and the nature of parthenogenesis suggest that the limits 
of the genus Holcocneme Kon. may not yet be adequately defined, 

I am greatly indebted to Mr Benson for specimens of Holcocneme 
cras8a\ to Mrs Mary Miles, M.Sc., for assistance in the rearing of the 
larvae, and to Mr Morris Cohen, M.Sc., for help in the preparation of 
the text-figures. 
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EXPLANATION OF PLATES XXXVII AND XXXVIII 

PLATE XXXVH 

Fig. 1. Holcocneme caeruleocarpa Htg., egg in ai^ in leaf of ScUix purpurea, x 7 
Fig. 2. H. caeruleocarpa Htg., larva on leaf of Salix. x 7. 

Fig. 3. H. lucida Panz., adult, x 4^. 

PLATE XXXVm 

Fig. 4. H. lucida Panz., ovipoaitor. x 30. 

Fig. 5. H. lucida Panz., egg in position on leaf of Prunua. x 8. 

Fig. 0. H, lucida Panz., young larva at eolosion. x 8. 

Fig. 7. H. lucida Panz., larva feeding on leaf of Prunus. x 3^. 
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PLATE XXXVIII 
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Introduction 

This paper is primarily intended to be of practical value to those engaged 
in the control of the flour moth {Ephestia kiihniella 2fell.), but in addition 
some attention has been given to questions not directly concerned with 
control work. 

At the beginning, the main object was to find the minimum exposures 
to various temperatures and humidities which were required to kill the 
various stages, and the experiments in which all or nearly all the indi- 
viduals were killed were repeated several times. Later, an attempt was 
made to investigate some of the factors connected with death. The 
experiments are intended to give only a rough indication of the problems 
concerned, and much more needs to be done before the story is complete. 
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Since this paper is only a small contribution to the subject no discussion 
on the literature is included. This has already been admirably done by 
Burton (6). 

Materials and methods 
The apparatus 

The apparatus used is shown in Fig. 1. It consists of a large galvanized 
iron dustbin A, in which is fixed an iron pan S. The space between 



• Fig. 1 


A and B is filled with water and heated by the batswing burner G. The 
bin is suitably covered with blankets H to provide insulation. The space 
over the water between the bin A and the pan B is covered with a sheet 
of aluminium, and the pan B is covered with two sheets of heavily wared 
three-ply wood, in which are cut eight holes on a circle and one central 
hole. Supported in each of the eight holes by a rubber collar and hanging 
into the pan B are glass tubes D, having bags of muslin tied over the 
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lower ends. Each tube is fitted with a rubber bung. The insects to be 
heated are dropped down the tubes into the muslin bags, and the bungs 
are replaced. 

The temperature of the water in the bin is controlled by the gas 
thermostat E, which consists essentially of a bulb of toluene and a column 
of mercury, which on rising partially cuts ofi the gas supply to the 
burner C. 

Covering the bottom of the pan B is a dish containing a saturated 
salt solution to control the humidity. 

There is one thermometer F in the centre of the pan B and another 6 
in the water jacket. A third was sometimes placed in one of the tubes D. 
The temperature of the water jacket was always 0*9-l*l°C. higher than 
the centre of the pan B. No variation in temperature has been noticed 
in the pan B. 

The humidity was measured by a weighing hair hygrometer (Buxton 
(4), p. 436) in a muslin bag J suspended in the pan or in one of the 
tubes D. 

In order to carry out experiments with different humidities at the 
same time special tubes have been used in place of the tubes D. They 
are slightly smaller than D and enclosed by a large tube, at the bottom 
of which is the appropriate saturated saltsolution (Fig. 2). A disadvantage 
of these tubes is that they are too small to admit any hygrometer, and the 
humidity has to be estimated by keeping a hygrometer in a similar but 
larger tube. Another disadvantage is that a smaller quantity of material 
has to be used, and as there is only a small volume of air a constant 
humidity is not so easy to maintain. 

The humidities have been obtained as follows : 

1-3 per cent in tubes as shown in Fig. 2, with an- 
hydrous calcium chloride, 

8-10 per cent in the pan B with anhydrous calcium 
chloride (a lower humidity was not obtained owing to 
considerable leakage of air into the pan). 

30 per cent in tubes as shown in Fig. 2 with sodium 
hydroxide (saturated solution). 

70-76 per cent in the pan B and in the tubes (Fig. 2) 
with a saturated solution of sodium chloride. 

90-96 per cent in the pan B and in the tubes (Fig. 2) 
with distilled water. 

As far as possible the temperatures were selected for each stage so 
as to allow about 1 hour’s exposure for a total kill, in order to try and 
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avoid any shock effect that might be due to sudden exposure to a high 
temperature. For example, eggs at 45° C. and 70 per cent 
relative humidity (r.h.) are not killed under 4 hours, while 
adults at this temperature and humidity are killed in 15 min. 

Even if the question of shock is not important in the case 
of short fatal exposures, experiments of less than 15 min. 
duration are not satisfactory, as during so short a time the 
insects probably never come into equilibrium with the tem- 
perature and humidity. 

The insects were plunged direct into the given tempera- 
ture, as it did not seem possible to give gradual exposures 
which would have the same value in all experiments. 

For the main experiments the eggs were heated at 47° C. 

(116*5° F.), the larvae and pupae at 45°C. (113° F.) and the 
adults at 44°C. (111° F.). 

Description of materials ^ 

As will be seen, it is necessary to pay particular attention to the 
history of the insects used. All the E, kiihnieUa used in these experiments 
came originally from the same flour mill, and the main supply from 
which the “inbred stock’* originated was obtained in 1930-1. 

Inbred stock. Most of the experiments were carried out on this stock 
which had been kept in the insectaries for about years, and inbred 
continuously for about twelve generations. The progeny of each pair 
was kept separately, each culture being the result of brother and sister 
mating. There are probably several more or less distinct lines in this 
inbred stock, but an exact account of these has not been kept. 

Normal stock. For comparison with the “inbred stock”, material 
was obtained from the flour mill in the summer of 1933 and utilized 
before there had been one generation in the insectaries. 

In 1931 a few experiments were carried out on stocks which were 
the ancestors of the inbred stock and had been more or less inbred for 
three generations. This material was used for the experiments shown in 
Table II under 8-10 per cent r.h. This is also called normal stock, as 
its reactions to heat in these and other experiments are similar to those 
of the normal stock obtained in 1933. 

The system and conditions under which the inbred stock is reared in 
the insectaries has been described (Mansbridge(8)). The inseotaries were 
usually at a temperature of about 18° C., though occasionally it fell to 
about 10° C. in the winter and reached about 28° C. in the summer. 



Fig. 3 



G. H. Mansbridge 


807 


AduU insects ^ere obtained by keeping a number of pupae at 27° C. 
(81° F.) and removing the moths daily. The moths were always kept at 
27° C. until needed for an experiment. In using the tube D for moths 
an addition had to be made to keep the moths in the muslin bag; 
a wooden rod was passed through the cork to the bottom of the tube, 
and a waxed paper disc at the lower end prevented the moths climbing 
back up the tube (Fig. 3). 

Eggs were obtained by collecting 20-60 pairs of adult moths in copu- 
lation, and leaving them to lay for 12 dr 24 hours at 27° C.; the eggs 
which were 0-12 hours or 0-24 hours old were then removed. The eggs 
from each pair of moths were divided into a number of equal lots (one 
control lot and usually four or five experimental lots). They were alw&ys 
kept at 27° C. until required. 

Newly hatched larvae were removed from batches of eggs hatching 
at 27° C. and were never more than 12 hours old when used. 

Feeding larvae, about half-grown, were picked out from cultures in 
the insectary. They were kept at least for 24 hours at 27° C. before an 
experiment, and during this time some died from bacterial disease. Only 
quite healthy larvae were used. 

Last-stage larvae were taken from cultures in the insectary. They were 
kept for at least 24 hours at 27° C., and only healthy larvae were used. 
These larvae were full grown and could be distinguished from the feeding 
larvae by their larger size; in some cases they had started spinning 
cocoons. In the males the gonads could be clearly seen in the living larvae. 

Prepupae were taken from batches of last-stage larvae which had 
been kept 1-4 days at 27° C. The prepupa is regarded as the stage about 
24 hours before the shedding of the last larval skin. It is distinguished 
from the larvae by having lost all power of forward movement; it is 
shorter than the larva and often has a greenish hue. 

Pupae of definite ages were obtained by keeping a large number of 
full-grown larvae at 27° C., and removing the pupae every 24 or 48 hours. 
Pupae were always kept at 27° C. until required. 

Method of judging survival 

All insects after the experiments were kept at 27° C. and approxi- 
mately 70 per cent. r.h. (over a saturated solution of sodium chloride) 
and the survivors recorded as follows ; 

Eggs. The number of hatched larvae, found alive, the larvae being 
removed at least every 24 hours. To confirm the figures thus obtained 
the unhatched eggs were sometimes counted. 
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Newly hatched larvae. Those found crawling 24 hours after the 
experiment. 

Other larvae (i.e. feeding and resting larvae). Those found crawling 
2 days after the experiment. 

Prepupae. The number of healthy pupae. 

Pupae. The number of moths emerging. 

Adults. Those found crawling 24 hours after the experiment (i.e. 
those making co-ordinated forward movements). “Crawling’’ is taken 
to mean a definite normal movement, as distinct from the spasmodic 
jerks and twitches of injured and moribund insects. 

The survivors as recorded above have lived for a long time after the 
experiment. A few of the survivors from experiments on each stage 
have been kept; and in most cases these have given rise to a second 
generation. 


Method of recording results 


In recording the results of the experiments on eggs, the number of 
survivors is given as a percentage of the surviving controls. For instance, 
if 270 individuals were used (in each batch) and 230 survived in the 
controls and 125 in the treated lot, then the survivors are given as 


125 X 100 
230 


= 54 per cent. The hatch of the control batches of eggs varied 


between 50 and 90 per cent. 

With other stages it was found unnecessary to record the survivors 
as a percentage of the surviving controls, as very seldom did more than 
two out of fifty of the controls die. Usually the control larvae, pupae 
and adults were in good condition, as only the healthiest insects were 
selected for experiment. By submitting all larvae to a temperature of 
27° C. for 24 hours diseased individuals were easily detected because the 
rapid development of disease at this temperature caused them to turn 
black. Bacilli believed to be B. thuringiensis were known to infest the 
stocks from time to time, and it may be assumed that these were the 
most important pathological factor. 

In all the tables the results have been expressed as the percentage 
which survived. Although less than 100 individuals were used in the 
experiments on adults and pupae, it was thought best to express all the 
results in the same way. The number of eggs used has usually been from 
500 to 1000 in each batch, and in some cases many more. With larvae 
about 100. and not less than 50 have been used for each batch, with 



G. H. Mansbridge 809 

pupae about 60 and not less than 26, with adults about 26 and not less 
than 12. 


Description of experiments 

In all stages of E, kiihnieUa there appears to be great individual 
variation in the resistance to heat. This is most noticeable in the eggs 
and larvae. 

Eggs 

Below are given some of the factors which appear to affect the 
survival of the eggs at high temperatures : 

(1) Age. Table I shows that there is a decrease in resistance with 
age at 45° C. 

(2) Humidity. Table II shows that eggs are less resistant at high 
than at low humidities. From experiments to be referred to later, it is 
almost certain that eggs can remain cool in a low humidity at a high 
temperature by evaporating water. 

(3) Number of eggs he/ited together. At a low humidity there is a 
relatively bigger hatch in a large batch of eggs treated together, than 
in a small batch of similar eggs. In the method employed the eggs may 
be treated in a heap, and frequently a mass of fifty or 100 eggs attached 
to one another are heated, or they may be lying scattered. Eggs in a 
heap probably have a better chance of keeping cool than if they are 
scattered (see p. 817). 

(4) Individual variation. Table III shows that eggs from different 
pairs of moths have widely different degrees of resistance. 

Table I 

Eggs. To show changes in resistance with age^ arid a comparison between 
the resistance, of inbred"" and ** normal"" stocks. Giving percentage 
hatch of eggs 


Inbred stock 

Age of eggs Normal stock 

Time of ex^uro ^ \ Age of eggs 


at 45'=' C. 

1-24 hr. 

24-48 hr. 

48-72 hr. 

72-96 hr. 

1-24 hr. 

70% R.H.: 

1 hour 

61-9 

26-2 

00 

00 

76-6 

2 hours 

24-4 ’ 

21 

00 

00 

66-6 

96 % E.H.; 

1 hour 

63-9 

19-6 

00 

0-0 

84*4 

2 hours 

370 

6-6 

00 

0-0 

60*9 


(5) History of material. In Tables I, II and III there is seen to be 
a marked difference in resistance between the inbred and normal stocks. 
From Table III it is not possible to say whether the normal stock is 
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more or less resistant than the inbred stock, but it appears that there 
is a greater range of resistance, high and low, in the normal stock, and 
that it is less uniform than the inbred stock. Its chief inte^||j|^ that it 
shows the great range of variability. From Table II it is seen that there, 
is a small percentage of resistant individuals in the normal stock wbffi^ 
survive exposures considerably higher than those which kill the inbred 
stock. 

Table II 

Eggs 1-24 hours old. To show the effect of various relative humidities on 
resistance, and a comparison between the resistance of normal*' and 
^'inbred" stocks. Giving the percentage hatch after exposure to 47® C. 
for various periods 


Time of 
exposure 
at 47°C. 


Inbred stock (% e.h.) 


Normal stock (% e.h.) 

hours 

1-3 

30 

70 

95 

1-3 

8-10 

70 

i 

658 

55>8 

4M 

31-4 

73-7 

— 

66-7 


470 

47-3 

201 

6-2 

30*4 

471 

16-9 

1 

92 

10-6 

00 

00 

221 

21*9 

0-0 

U 

00 

8-2 

0-0 

— 

4-3 

6-5 

— 

If 

0-0 

0-0 

0*0 

— 

1'9 

2‘6 

— 


— 

00 

00 

— 

0-6 

0-5 

— 

2 

0*0 

0-0 

— 

— 

0-0 

0-5 

— 

2i 

oo 


Table III 


0-0 



Eggs 1-24 hours old. To show individual variation exposed at 47® C., and 
1 and 70 per cent r.h. Each figure gives the percentage hatch of eggs 
from a separate pair 

Normal stock Inbred stock 


70%e.h, 1%e,h. 70%e.h. 1%e.h. 

Time of exposure at 47° C. 


ihr. 


Ihr. 

A 

ihr. 

Ihr. 


ihr. 

A 

itr. 

420 

0-0 

00 ' 

24-7 

20-4 

53-4 

46-6' 

32-2 

421 

0-0 

22-7 

4*2 

23-5 

89-5 

54*9 

36*4 

00 

3-0 

12-9 

81 

0-0 

691 

28*7 

34*6 

68'7 

12-0 

7-9 

37-4 

1*7 

82- 1 

22*6 

36-0 

91-3 

99-6 

19 

— 

0*0 

596 

38*9 

— 

0*0 

0*4 

0-4 

— 

0*0 

— 

32*6 

— 

74-7 

53-9 

0-6 

— 

— 

— 

— 

— 

65-4 

10 

00 

— 

— 

— 

— 

— 


Hatch of controls: normal stock =0O-*8O %, inbred stock =47-09 %. 


(6) Humidity of ''after-treatment". Table IV shows that after eggs 
have been heated at a low humidity there is a much bigger survival if 
they are kept to hatch in a high humidity than in a low humidity. This 
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is owing to the ability of the eggs to lose water during heating at low 
humidities and to regain it again at normal temperatures (see pp. 815- 
817). It thought that eggs might be unable to hatch at a low 
humidity, and to test this a batch of 900 newly laid eggs was kept over 
anhydrous calcium chloride (giving 1-3 per cent r.h.) at 27° C. 385 of 
these eggs hatched, and 78 per cent in the controls, making a hatch of 
56 per cent of the surviving controls. 

Table IV , 

Eggs 1-24 hours old (inbred stock). Showing the effect of keeping eggs 
under various relative humidities (at 27° C.) after they have been heated 
at 47° C. and 1-3 per cent r.h. for various periods. Giving the per- 
centage hatch 

Time of exposure Relative humidity after treatment (%) 

at 47®C.. , , 


1-3 % B.H. 

1-3 

30 

66 

76 

96 

4 hour 

0-0 

11 3 

— 

39-4 

49-3 

1 hoar 

00 

80 

12*0 

170 

260 


In order to test whether the humidity of pretreatment had any effect 
on the resistance of the eggs, batches were kept at high and low humi- 
dities before heating but no marked difference in resistance was found. 

Eggs which were heated at exposures near which some survival took 
place, showed a more or less large number of unhatched eggs with well- 
formed embryos. In some cases larvae died while half out of the egg. 
These phenomena were particularly noticeable in short-period, low- 
humidity experiments, and may have been due to low water content in 
the egg. It was regularly noted that heated eggs took longer to hatch 
than the controls. This delay in hatching occurred in every experiment 
whatever the humidity or exposure. At 27° C. the delay amounts to 
from 24 to 36 hours, and at room temperatures from 2 to 5 days. This 
may have been due to the water content of the egg being lowered, and 
so the rate of development slowed down. 

Larvae 

Larvae at three different ages have been heated, newly hatched 
feeding and last stage. The experiments on larvae heated below the fatal 
point gave erratic results, but the exposures at which all were just killed 
were constant for each age. These fatal exposures are given in Table V. 
Newly hatched larvae were heated within 12 hours of hatching and 
before they had fed. Other newly hatched larvae were placed at 27°C, 
in the constant temperature room, and their resistance was tested at the 

Ann. BioL xxm 53 
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Mowing ages: 3, 6, 10, 14, 16, 17, 19, 20, 22, 23, 26, 27, 28, 29, 31 
and 36 days old. Larvae from 3 to 19 days old (feeding larvae) were all 
killed by exposures between 22 and 28 min, at 46° C, Larvae 22-26 days 
old were more resistant, but were all killed by exposures of 40 min. 
Larvae of 27 days old and older were found to be much more resistant 
and a complete kill was only obtained by If hours’ exposure. These 
larvae over 27 days old (at 27° C.) have been called last-stage larvae. 
They have finished feeding and in most cases have started to spin cocoons. 


Table V 

Larvae, Giving the exposures necessary for a total kill at 46° C. 
and various relative humidities 


Newly hatched larvae 
Feeding larvae 
Last-sl^e larvae 


Inbred stock 


1-3 % E.H. 70 % E.H. 

26 min. 40 min. 

40 „ 40 „ 

IJ hours II hours 


Normal stock 
95 % E.H. 70 % E.H. 

25 min. 45 min. 

20 ,, 36 „ 

IJ hours 2 hours 


In most experiments half-grown feeding larvae and full-grown last- 
stage larvae have been used without regard to their exact ages. 

In the last-stage larvae the sexes can be distinguished, but the results 
for the two sexes have not been given separately as little difierence was 
found. In ten experiments in which males and females were heated 
simultaneously under the same conditions (522 males and 393 females) 
22*8 per cent of the males survived and 20*3 per cent of the females. 
This small difference in resistance is not regarded as significant. 

• All larvae survive slightly better at low than at high humidities in 
short exposures. This suggests that they can remain cool for short periods 
at low humidities. As with the eggs, when large numbers of larvae were 
heated together at low humidities a bigger percentage have survived 
than when small numbers were heated. 

w Larvae which were just not killed often fail to cast their larval skin 
at pupation, but the deposition of chitin still takes place. Sometimes 
the pupa may only partly disengage itself from the larval skin, and 
remain bent; such pupae have generally died. 

larvae which survived 46° C. for 1 hour, although ready to pupate 
before heating, failed to pupate, some being alive 2 weeks afterwards 
(kept at 23° C. 80 per cent r.h.). 

During heating at low humidities the larvae commonly ejected a 
brownish fluid from the anus and mouth, which often glued these parts 
down to the sides of the muslin bag. 
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A special strain of newly hatched and last-stage larvae, inbred for 
about nine generations and selected for high fertility, proved considerably 
less resistant than either the inbred or normal stocks. 

Table VI shows experiments on prepupae. Survival was best at 
70 per cent r.h. Nearly all the prepupae which were heated deposited 
brown chitin under their larval skin, and in most instances the larval 
skin remained uncast; sometimes it was only partly cast. The prepupae 
in this state did not die at once but remained showing some sign of life 
for 1 or 2 weeks. This seems to show that^he cause of death is probably 
quite different to what occurs in any other stage. Here death is not due 
to the direct influence of heat but to an interference with moulting. 

Table VI 


Prepupae. To show the effect of various relative humidities 
on resistance at 45® C. Giving percentage survival 


Tiinft of 


Females (% r.h.) 



Males (% R.H.) 

A 


X IIUO \JM. 

exposure 

1-3 

70 

96 

1-3 

70 

95 

35 min. 

44 

72 

40 

36 

60 

40 

45 min. 

16 

60 

10 

14 

60 

20 

1 hour 

0 

6 

0 

0 

0 

0 

hours 

— 

0 

— 

— 

0 

— 


Table VII shows experiments on pupae. Here in many cases there 
is an almost complete survival for an exposure of 1 hour at 45® C. This 
may be due to the fact that the pupae are less variable than the larvae. 

Table VII 

Pupae {inbred stock). To show changes in resistance with age at 
45® C. 70 per cent r.h. Giving percentage survival 

Time of Age (in days) 

exposure , — ^ ^ 



in hours 

1-2 

3-4 

6-6 

7-8 

Females 

1 

96 

100 

96 

54 


11 

72 

96 

84 

48 


H 

28 

88 

76 

42 


2 

0 

32 

0 

0 


2i 

— 

0 

— 

0 

Males 

1 

84 

84 

88 

94 


n 

48 

64 

76 

64 


i| 

32 

24 

28 

0 


i{ 

4 

4 

0 

— 


2 

0 

0 

0 

— 


In Table VIII it is interesting to notice the effect of an exposure of 
1^ hours at three different humidities. The biggest survival appears to 
be at the low humidity, which may mean that at that exposure the 
pupae can remain cool by loss of water. 


53-2 
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Table VIII 

Pupae {males) 3 and 4 days old. To show the effect of varying relative 
humidities on resistance at 45° 0. Giving percentage survival 

Time of exporaxe 

hours 1-8 % M. 70 % M. 95 % b*h. 

1 100 100 96 

U 60 28 14 

l{ 0 6 4 

2 ' — 0 0 

Table IX shows experiments on unpaired and paired adults, at 8 per 
cent R.H. Here, and in similar experiments at 75 per cent r.h., there is 
a decrease in resistance with age. The paired adults show a difference in 
resistance from the impaired individuals, as after pairing and egg laying 
they are less resistant than those which have not paired. Unlike un- 
paired moths, in paired moths there appears to be no difference between 
the sexes. 

Table IX 

AduUs {unpaired and paired). Normal stock. To show changes in re- 
sistance with age. Giving exposures necessary for a total kiU at 45° C. 
8 per cent r.h. 

Age (in days) 



min. min. min. min. min. 

Unpaired: Females 17 20 15 8 7 

Males 11 9 8 6 5 

(in oop.) 

Paired: Females 21 12 12 8 — 

Males 21 12 12 8 — 

From Table X it appears that the females are more resistant than 
the males at low humidities, possibly because females are better able to 
cool themselves by evaporation, which may be due to their rather 
larger size. 

Table X 

AdtiUs (unpaired), 1 day old (normal stock). Showing the effect of various 
relative humidities on the time (in minutes) required for a complete 
hiU at 44 and 45°C. 



15 % B.H. 
nun. 

87 % E.H. 

min. 

70 % E.H. 

min. 

Fmnales: 44'' C. 

60 

75 

80 

45" C. 

17 

80 

15 

Males: 44" C. 

35 

75 

85 

45" C. 

10 

80 

10 
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Fig. 4 Bonunames approximately the diSraences in resistance to a 
temperature of 45° C. and 8 per cent b.h. shown throughout the life cycle. 



Fig. 4. Graph showing yaiying realstanoe to heat of the flour moth at 45°C. 8 per cent. b.h. 
throughout its life cycle. Normal stock. See table XlII for comparison with other 
humiditieB. 


Experiments on the loss of water from egos exposed to 
HIGH temperatures AND LOW HUMIDITIES 

As it seemed likely from the foregoing results that Ephestia eggs 
were able to cool themselves by evaporating water during heating at 
low humidities, some experiments were set up to find out how much 
water the eggs could lose under varying conditions. It was assumed 
that most of the weight lost by eggs in a dry atmosphere was due to 
loss of water. Table XI summarizes some of these experiments. 

The method of calculating the extent to which an insect can cool 
itself by evaporating water is taken from Mellanby(9). The constants 
are from Preston (12); they cannot be taken as applying exactly to insects 
but they should give some idea as to the order of the figures concerned. 
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Table XI 


Eggs (inbred stock). Showing changes in weight at different humidities. 
Also the loss of weight during heating at low humidities and its regain 
in a moist atmosphere at 27° C. 


No. of exp; ... 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Temp. ®C. 

27 

27 

27 

47 

47 

43 

47 

47 

43 

43 

43 

Time of exposure 
hours 

— 

— 

— 

1 

3 

2* 

i 

i 

12 

1 

6 

B.H. of heating % 

— 

— 

— 

1-3 

1-3 

1-3 

1-3 

30 

1 

1 

1 

E.H. of “after- 

1 

60 

95 

95 

95 

95 


— 

— 

— 

— 

treatment” % 

Hatch % 

43 

69 

67 

40 

0-0 

22 

12 

60 

0-0 

90 

19 

Percentage gain ( + ) or loss 
Immediately — 

(-) on 

original weight: 
— -11-6 

-36-3 

-21-7 

-25-0 

-26-0 

-36-0 

-16-0 

-18-0 

after heating 

After 4J hours 

- 5-0 

- 2-4 

-f-0-3 

-6-9 

-36-0 

-19-3 

— 

— 

— - 

— 

— 

After 15 hours 

-20-8 

- 5-7 

+ 1-8 

-O-l 

-30-9 

-17-9 

— 

— 

— 


— 

After 45 hours 

-30-4 

-10-5 

+M 

-6-6 

-31-4 

— 

— 

— 

— 

— 

— 

After 66 hours 

-41-2 

-16-7 

— 

_ 

-3M 

-17-0 

— 


_ 

_ 


No. of eggs in 

900 

1000 

1000 

4400 

1000 

1620 

648 

600 

836 

835 

2000 


experiment 

N.B. 1000 fresh eggs weigh approximately 0-0300 g. 

For every square centimetre of surface and for every degree C. that 
the temperature is lower than the air, an insect will absorb 0*00026 calorie 
per sec. This will mean approximately 1 calorie per hour. 

For an insect to maintain its body at a lower temperature than the 
air, the heat absorbed must be got rid of, and it is assumed that this is 
done by evaporating water. 

Now at 47° C. every gram of water evaporated requires almost 
600 calories. Therefore, provided that the cooling mechanism of an insect 
is very efficient, for every calorie of heat absorbed, about 2 mg. of water 
will have to be evaporated if the body is to maintain a constant tem- 
perature. 

An E. kiihnieUa egg weighs about 0*030 mg., and has a surface area 
of about 0*0043 sq. cm. (length 0*67 mm., diameter 0*30 mm.).^ If it is 
to keep itself TC. cooler than the air for half an hour, and if the air is 
at 47° C. and the egg at 46° C. it will absorb about 0*0021 calorie, which 
will evaporate 0*0035 mg. of water. This is about 11 per cent of the 
weight of the egg. The experiments (Table XI, Nos. 4 and 6) show that 
in a mass the eggs can lose about 12 per cent of their weight and 40 per 
cent of the eggs hatch, or lose 22 per cent of their weight and 22 per cent 
of the eggs hatch. 

^ Formuk for oalcmUting the tnrfaoe areas of an egg: 

a = 2-22(2 when d=short diameter, a=area, and Delong diameter. 
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From Table XI we can calculate how much of the water lost can be 
regained. Exp. 4 shows that nearly 40 per cent of the water lost is 
regained within the first 4^ hours. This water has been regained by live 
eggs, for Exp. 6 shows that dead dried eggs take up little or no water 
during the first 4J hours’ exposure to 95 per cent e.h. As 40 per cent 
of the eggs are found to hatch and 4*7 per cent of the original weight 
is regained, then each of the surviving eggs regains on an average 

4*7 =*11-75 per cent of its weight. In Exp. 6 it is seen that more 

than one-tenth of the water lost is regained within the first 4^ hours. 
As 22 per cent of the eggs in this experiment are found to hatch, and 
2-4 per cent of the original weight is regained, then each of the surviving 
eggs regains in weight on an average 10-80 per cent of its weight. 

In these two experiments it is unlikely that more water is absorbed 
in the first 4 J hours than was originally in the egg. As a check to this it is 
seen in Exp. 3, Table XI, with unheated eggs, that there is an increase of 
only 0-3 per cent in weight after exposure for 4 J hours to 95 per cent r.h. 

These experiments show that eggs can lose at least 10 per cent of their 
weight in water and thus cool themselves about l°C./or J hour when exposed 
to high temperatures and low humidities. Further they are able to regain 
this toater and recover sufficiently to hatch. 

It is important to notice that when eggs are heated together, so that 
they are touching, they will cool one another. If they should be in a 
heap or attached in a cluster, the outer eggs will presumably lose their 
water first, and thus keep the eggs inside the cluster cooler longer than 
if they were l 3 Huig separately. This almost certainly accounts for the fact 
that more eggs survived when a larger number were heated together at 
low humidities than when smaller numbers were heated. It also explains 
why the loss of weight in small batches was greater than in large batches. 

Practical application op results 

An important point affecting control work which emerges from these 
experiments is the great resistance of the eggs to heat. The fact that the 
eggs so easily escape observation in practice makes it difficult to know 
whether or not they have been killed, and it may easily be that all the 
adults, larvae and pupae are killed when most of the eggs remain alive. 

Table XII gives the times of exposure necessary to kill eggs at eight 
different temperatures, and Table XIII summarizes various experiments 
and shows the time required for a complete kill of the various stages. 
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Table XII 

Eggs (normal stock), 1-24 hours old. To show the exposures necessary for 
a total kill at different temperatures. Giving the percentage hatches of 
^gs for exposures at and near the fatal point. Humidity 8-10 per cent 


Time of 
exposure 




Temperature (** 0.) 

A 




43~ 

46 

47 

49 

60 

61 

63 

66 

1 min. 

— 

— 

— 

— 

— 

— 

— 

12*0 

2 M 

— 

— 

— 

— 

— 

— 

66*0 

00 

5 M 

— 

— 

— 

— 

0*6 

7*9 

0*0 

0*0 

10 

— 

— 

— 

— 

— 

0*0 

0*0 

— 

15 


— 

— 

1*0 

0*0 

0*0 

— 

— 

30 „ 

— 

— 

— 

0-0 

0*0 

— 

— 

— 

46 „ 

— 

— 

— 

0*0 

— 

— 

— 

— 

1 hour 

— 

— 

16-0 

— 

— 

— 

— 

— 

2 hours 

— 

— 

0*4 

— 

— 

— 

— 

— 

2i If 

— 

— 

0*0 

— 

— 

— 

— 

— 

5 „ 

— 

280 

<— 

— 

— 

— 

— 

— 

6 

20-6 

0*0 

— 

— 

— 

— 

— 

— 

7 M 

— 

0*0 

— 

— 


— 

—— 


12 „ 

0-0 


— 

— 

— 


— 

— 

16 „ 

0*0 

— 

— 

— 

— 

— 

— 

— 


Table XIII 

Showing the times of exposure needed for a complete kill of the various stages, 
at 46° C. and three different humidities. Normal stock 



1-8 % E.H. 

70 % Rja. 

96 % R.H. 

Eggs, 1 day old 

6 hours 

4 hours 

3 hours 

Eggs, 3 days old 

1 hour 

f hour 

If hours 

Newly hatred larvae 

26 min. 

46 min. 

26 min. 

Feeding larvae 

40 min. 

40 min. 

36 min. 

Laet-sl^e larvae 

1( hours 

2 hours 

If hours 

Prepupae 

1 hour 

If hours 

1 hour 

Pupae 

If hours 

2f hours 

2 hours 

Adults: Female 

43 min. 

46 min. 

16 min. 

Male 

23 min. 

45 min. 

16 min. 


^ In order to show whether E. kiihnieUa could be killed under more 
normal conditions than those of the experiments already described, four 
cultures of normal stock were taken, undisturbed in their tins, and heated 
in an incubator. The flour was about 1 in. deep, and the heat coming 
from all sides penetrated quickly. In the cultures were placed tubes of 
newly laid eggs, about 260 in each culture. A few minutes after placing 
in the incubator the temperature at the top of the flour of the cultures 
was 31°C. After 1 hour it was 39°C., 2 hours 41°C., 6 hours 46'6°C., and 
at 8 hours 46° C., when they were taken out. These were the lowest 
temperatures recorded in any of the cultures. In the culture with the 
highest temperature 60° C. was reached. In none of the four tins were 
any E. kiihnieUa found to be alive afterwards. Another similar culture 
was heated for just over 2 hours, during which the temperature rose from 



G. H. Mansbridge 


819 


46 to 48® C, No insects survived. It is in the favour of the control of 
this moth that no stage is likely to be very much concealed, for unlike 
many of the coleopterous pests of flour, the larvae work on the surface 
of their food and are thus more easily reached by heat. 

It should be noticed that a better control of the eggs is obtained 
when the humidity is high. A high humidity is not favourable to any 
stage except the adults, and even at a high humidity the adults die 
before any other stage. 


Discussion 

It appears that there may be two main causes of death during heating : 

(1) By drying, so that the water content is reduced below the amount 
necessary for life. Water will be lost during heating unless the air is 
quite saturated. This last condition was not attained in any of the 
foregoing experiments. 

If death is due to drying then insects with a large evaporating surface 
will lose water more quickly than those with a relatively smaller surface. 
This may partly explain why moths, with their large surface, are killed 
more quickly than larvae, why larvae are killed more quickly than eggs, 
and why the larger female pupae and moths are slightly more resistant 
than males (Table XIII). 

(2) By direct injury to metabolism, Mellanby(9) suggests that heat 
kills insects by “some internal reaction, the products of which cannot 
be removed suflSciently fast at high temperatures”. Two poisonous 
products which may accumulate at high temperatures are carbon dioxide 
and lactic acid, as the results of increased respiration. Death at high 
temperatures may be due to the accumulation of these poisons. If this 
is so then the stages with lower rates of metabolism may be more 
resistant. 

From what is known of the metabolism of other insects, we would 
expect to find in the Ephestia egg small oxygen consumption when first 
laid, but rapidly increasing up to hatching; in the feeding larva higher 
oxygen consumption than in the egg; in the pupa less oxygen consump- 
tion than in the larva; and in the adiUt more oxygen consumption than 
in any of the other stages. This runs closely parallel with the varying 
resistance of E, kuhniella to heat (Table XIII). The newly laid egg is the 
most resistant stage; the feeding larvae are much less resistant; the 
pupae are more resistant than the feeding larvae, and the adults are 
the least resistant stage. It will be noticed that the prepupa does not 
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fit into this scheme. In this stage the cause of death is probably dififerent 
to that in any other stage' (see p. 813). 

The writer intends to investigate these various points further. 

Summary 

Experiments are described on the resistance to heat of E. kuhnieUa 
in all its stages. 

With eggs exposed to 45°C. (113° F.) and 47°C. (116*5° F.) it is 
seen that : 

(1) One-day-old eggs are more resistant than older ones. 

♦(2) Eggs are more resistant to heat at low than at high humidities. 

^ (3) Eggs appear to be able to cool themselves at low humidities in 
a high temperature by the evaporation of water. 

(4) After heating, eggs can regain water they have lost if they are 
kept in a moist atmosphere. 

• (6) After heating at low humidities, there is a bigger survival if the 
eggs are kept in a moist atmosphere than if they are kept in a dry 
atmosphere. 

(6) There is great variation in stock direct from a mill. Eggs from 
different pairs of moths may have widely different degrees of resistance. 

(7) Stock which has been inbred in the insectaries for twelve genera- 
tions, shows less variation in resistance than stock direct from a mill. 

Larme are much less resistant than eggs. Newly hatched larvae and 
all larvae until they are full grown have about the same resistance. Last- 
stage larvae are far more resistant than other larvae. 

Pupae are more resistant than feeding larvae. 

Adults are the most susceptible stage to heat. At low humidities the 
females are more resistant than the males. 

Experiments on all stages in undisturbed cultures show that a tem- 
perature of 45-46° C., maintained for 3 hours, kills all stages. 

This work was carried out under the direction of Prof. J. W. Munro, 
to whom I am grateful for his constant encouragement. I have to thank 
Mr G. V. B. Herford for his help in devising and constructing the appa- 
ratus and reading through the typescript, and I am also indebted to 
Dr 0. W. Richards for his helpful advice on many occasions, and to 
Mrs Richards who kindly supplied me with a highly inbred strain of 
E, kuhnieUa. Lastly I thank Dr G. Fraenkel for many important sug- 
gestions, especially those contained in the discussion. 
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Intboduction 

The fact that differences existed between varieties of oats in extent of 
attack by the frit-fly was established during the period 1919-27 while 
the biology of the frit-fly was being studied.^ Since 1927 attempts have 

> Date acquired daring this period hare been pnbliahed in a Mriea of papen in Aim. 
qpp{. fiM. 1021 d Mf. 
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been made to demonstrate inheritance of resistance to attack and, at 
the same time, to breed strains of oats resistant to attack by the fly, yet 
possessing characters of agricultural value. This paper presents the results 
obtained from one or two of a large series of hybridizations.^ 

There are three obvious ways of attempting to solve the economic 
problem presented by the frit-fly: 

(1) It is possible to move the susceptible period of plant growth out 
of the fly prevalence period by altering the date of sowing; this may be 
accomplished by sowing winter oats instead of spring oats, or alterna- 
tively by sowing spring oats early in the season, although such simple 
procedure is not always possible, because 

(a) winter oats, in general, have not been very resistant to conditions 
brought about by frost, i.e. they have lacked winter hardiness; recently, 
however, Dr Hunter’s new oat “Resistance” has proved to be of value, 
inasmuch as it combines a considerable degree of winter hardiness with 
grain and straw quality; 

(b) such strains provide only a partial solution of the problem, since 
if the producer has difficulty in preparing the land in spring, owing to 
inclement weather, or is committed to the late removal of a crop, he 
requires an oat which he can sow late in spring with assurance that it 
will not be devastated by the frit-fly. Yield in the case of the present 
English types decreases rapidly if the sowing date is later than the middle 
of March in this area ; in such cases, the plant is approximately in the 
five-leaf stage when the fly begins to appear and may suffer both primary 
shoot and tiller losses. 

(2) It may be possible to select or breed strains able to recover from 
attack, that is, able to produce panicles of economic value in a shortened 
growing period; until, however, limitation or prevention of attack has 
been proved to be impossible of attainment, investigation of tolerance 
would seem to be less preferable. 

(3) Limitation of attack by utilization of the character, resistance, 
seems to offer a better prospect of solving the problem if inheritance of 
resistance can be established and suitable parent t 3 ^pe 8 discovered. 

A statistical analysis of the extents of infestation by the frit-fly of 
the variety Victory and a strain derived from a cross Victory x Lochows 
Yellow, showed that Victory x Lochows Yellow apparently inherited the 
resistance to attack by the fly possessed by Lochows Yellow(i). This 
observation suggested that it might be possible to breed resistance to 

^ Thflie inTMtigAtioDS hsye hton OArried out witii the Aid oi grants firom the Ministiy 
of Agrioutture. 
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attack into the English varieties of oats, the best of which are highly 
susceptible to attack by this fly; and further, the data suggested that 
transgressive segregation of the character, resistance, might occur. 

A. Technique 

The technique employed, although based on Mendelian principles, 
differs from that in general use amongst plant breeders. It is dependent 
on the presence of a natural and effective “inoculum” in the field. Well- 
known varieties, possessing characters other than resistance to attack 
which make them valuable in cultivation, are crossed with Swedish 
varieties possessing the valuable character of resistance to attack, but 
which otherwise are unsuitable for English conditions. No type of oat 
imm une to attack has been found, and the available material exhibits 
variation in degree of resistance only, the maximum difference between 
the most susceptible types and the most resistant types at present known 
being about 30 per cent ; also, resistance being only partial, the characters 
moderate resistance and low resistance are not readily differentiated. 

The generation resulting from a cross between the two types of 
parents is grown under such spatial conditions as will enable it to produce 
a large number of seeds per plant (normally 2500-3000). Seeds of the 
jFg generation are sown at a spacing of 2 x 6 in. late in spring (22 April) 
to throw the four-leaf stage of the plant into the period of maximum 
fly prevalence (23-30 May), because when many selections are being 
examined it is essential to plan for maximum elimination each year; 
consequently extent of attack, given suitable conditions for the fly, such 
as absence of rain from the time the plants appear above ground, may 
frequently be abnormally high; this deliberate planning for maximum 
attack produces an order of loss quite outside that experienced under 
normal conditions in the field. Therefore differences between, and not 
actual, rates of infestation, must be considered when estimating possible 
economic values. On a field scale the primary shoots of the plants provide 
the nearest approach to a homogeneous population and only such shoots 
are examined, plants having attacked primaries being discarded; the 
remaining plants are harvested, threshed and winnowed by hand, being 
then selected for seed quality, after comparison with standard varieties 
grown as controb. During the fourth year, the selections undergo further 
trial to eliminate those which may have accidentally escaped attack by 
the fly during the previous year; in this case sixty plants of each selection 
is about the maximum number permitted by both yield and spatial 
considerations and these are set out in two rows of thirty plants each, 
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standard types being interspersed regularly in the beds. One row is 
available for individual plant examination, while the other provides 
material for the following year. During the fifth year each selection set 
out consists of thirty closely related progenies and the whole block of 
progenies should, by this time, show evidence of resistance under similar 
trial. It then remains to select for differences in characters of agricultural 
value and to make additional trials for 3 years to demonstrate satis- 
factorily that resistance is held under varied conditions of growth. 
Single-line selection during the generations is normally required 

to obtain a reasonably ‘‘pure” strain, before multiplication. 

The detailed examination of single plants demanded by this method 
limited the material which could be handled within the 10 days or so 
during which the primary shoots could be recognized with certainty 
(identification marking of foliage having failed) to about 50,000 plants ; 
for this reason an investigation committee of the Agricultural Research 
Council suggested that, from the purely economic point of view, a wider 
field of choice might be obtained by utilizing mass cultures, basing the 
method on the fact that heavily infested plants would yield less than 
those lightly infested. This method, with certain modifications, is now 
under trial. 

Latin square experimentation can only be adopted to a limited extent 
under cage conditions, as it requires too big an area per strain and more 
seed per strain than is usually available in the early stages. 

B. Experimental data 

No attempt has been made to breed large numbers of seed and 
to expose the plants to attack, to determine the dominance or other- 
wise of resistance, because in the field the result would be vitiated by 
irregularity of attack and in the insectary by abnormal conditions of 
growth. 

( 1 ) Parents and standards 

The resistant parent varieties used were Spet, a “land” variety from 
Sm&land, Sweden; Hede, from Denmark; and Sommar (Summer) from 
Gotland, in the Baltic. No parent type has yet been found to exceed 
Summer in resistance, although some seventy varieties from this country, 
Sweden, Finland, U.S.A. and even Australia, have been examined.^ 

^ Row trials showed that none of the following appzxMkohed the Swedish varietiee as 
resistant parent types, being aU either more snsoeptible than Victory or giving results 
within 10 per cent of that obtained for Vlotory: Avma brevis, A./ahiOt A. nuda. A, MeriUs^ 
A. gtrigosa; the varieties Algerian (white and Uack), Argentine White; from Australia — 
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Many varieties, such as Victory, Abundance, Star, King, Gris de 
houdan, Noir tr6s h&tive. Grey Winter, White Argentine, etc., possessing 
good agricultural characters, but not resistance to attack, have been 
used in conjunction with resistant t 3 rpes in making seventy-five or so 
distinct hybridizations. 

That resistance is a definite character, or association of characters, 
is clearly shown by the data set out in Table I and derived from parent 
and control varieties for which records are available over the period of 
years 1927-35. Until 1932, standard errors were estimated for individual 
varieties; after that year the standard error of the mean difference was 
calculated from data derived from either random block or Latin square 
lay-outs. 

Table I 


Data from parent types ^ years 1927-35. Percentage losses of 
primary shoot, with standard errors 



Sweden 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

Victory 

31 ±2-0 

— 

80 ±1-6 

42 ±1-2 

79 ±1-7 

24±1*7 

66 ±20 

98 

94 

King 

31 ±36 

90 ±20 

75 ±3-1 

43 ±3-6 

83 ±1-5 

29±2-l 

70 ±1-9 

97 

95 

Star 

43 ±3-8 

— 

73 ±1-8 

40 ±2*2 

75 ±1-9 

26 ±2-5 

64±1‘8 

99 

96 

Spet 

5 ±20 

56 ±1-9 

37 ±1*3 

24 ±1-7 

53±2-l 

ll±l-3 

29 ±1-9 

75 

75 

Summer 

4±1*7 

— 

44 ±2-4 

18 ±20 

49 ±20 

8±M 

26 ±1-7 

59 

65 



Standard error of mean difference, years 1932-^ 

±2-1 

±2-4 

±3-8 

±30 


In all cases the susceptible types, Victory, King, and Star, are signi- 
ficantly more infested than are the resistant tjT)e8, Spet and Summer. 
Hede, the third resistant variety, has been omitted latterly owing to its 
invariable habit of transmitting pronounced tillering capacity, which 
complicates examination of cultures unnecessarily at the present stage. 

(2) Annual variations in extent of attack, standards 
and certain selections 

Data collected during the earlier mvestigations seemed to indicate 
that the annual variations in extent of infestation were inversely related 
to temperature variations, but the extended series when plotted assumed 
an elliptic form, indicating the operation of other factors. Wet weather 

Admiral, Adonis, Advocate, Amery, Baxter, Belar, Beta, Bimbi, Binda, Birdwood, Bombo, 
Boppy, Buddah, Glen Innes, Gidgee, Guyra, Imbros Island, Kareela, Kelvin, Kelsalla, 
Kiah, Knrri, Lachlan, Laggan, Molga, Myall, Palestine, Sunrise, Walla, Weston, 
and Woodford ; Banner, Chonking, Oomish Black, Crown, Dansk, Fnlghum ; from Finland— 
Esa, Jalostettu, Nopsa, Oemo U, Felsonkawa, Tnotto and Veikko; Gris de houdan, Italian, 
Kanota, Leader, Msisgaard, Noir trte hitive. Potato (Black), Red texas, Tolo, Thousand 
Dollar, White Soita and Wexford Tawny. Albion, Giant Elisa, Prolific, and Wateiioo 
gave results sAKmt ^ mean of resistant and susoeptiUe standards. 



Norman Cunliffe 


827 


proves to be a restrictive factor to the fly; as the observational period is 
limited to 8 years the number of wet days occurring during the period 
of growth from the appearance of the plant above ground to the four-leaf 
stage (when susceptibility begins to diminish rapidly) was taken as an 
approximate measure of wetness, with the result that the partial corre- 
lation between extent of attack and temperature, after elimination of 
the number of wet days, was —0*297, while the partial correlation 
between extent of attack and number of wet days, after elimination of 



Table II 



Spot 

Retmant 

King 

Siuoeptible 

% difiarenoe 
between 
varieties 

Difference fro 
mean difference 

1927 

4 

31 

27 

- 1 

1932 

11 

29 

18 

-10 

1930 

24 

43 

19 

- 9 

1933 

29 

70 

41 

+ 13 

1929 

37 

75 

38 

+ 10 

1931 

53 

83 

30 

+ 2 

1928 

56 

90 

34 

+ 6 

1934 

75 

95 

20 

- 8 

1935 

75 

98 23 

Maan 28 

- 6 


Ann. BioL xxm 
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temperature, was — 0*931. No great accuracy is claimed for the degree 
of partial correlation, owing to the number of records being so limited, 
but the indication is of value, as, over a longer period of observation, 
it promises some explanation of the annual variations. 

A further important point is the tendency of the differences to in- 
crease in the middle of the range of attack. This is exemplified by the 
two varieties Spet and King (vide Table II and Fig. 1), the latter showing 
the curve fitted to the data by my colleague Dr Murray. 

In Tables III the percentage losses of primary shoots are expressed as 
differences from means, which show more clearly the effect of differences 
in resistance. The same table shows seven selections from crosses between 
Spet X King and Spet x Star which have been carried on for a number 
of years, there being evidence of inheritance of resistance. The evidence 
derived from the earlier generations is only to be accepted after con- 
firmation by results of a similar trend with larger populations ; Sept x King 
3066 and 3065 were discarded for high husk content, 3076 and 3049 
for liability to lodge and Spet x Star 3136 for lateness in exserting 
panicle (8-9 days later than Victory). 

Table III 

Standards^ parents and selected crosses. Percentage losses of 
primary shoots expressed as differences from means 



1928 

1929 

1930 

1931 

1932 

1933 

1934 

1936 

Mean 

Victory 

— 

+ 29 

+ 22 

+ 15 

+ 6 

+ 18 

+ 9 

+ 11 

+ 16 

Star 

— 

+ 22 

+ 20 

+ 11 

+ 8 

+ 16 

+ 11 

+ 11 

+ 14 

King 

+ 34 

+ 24 

+ 23 

+ 19 

+ 11 

+ 22 

+ 10 

+ 10 

+ 19 

Spet 

+ 0 

-14 

+ 4 

-11 

- 7 

-19 

-10 

-12 

- 9 

Summer 

— 

- 7 

- 2 

-16 

-10 

-22 

-20 

-28 

-16 

Spet X King: 

3066 +14 

- 3 

- 6 

- 2 

+ 3 

0 




3056 

+ 14 

- 3 

-10 

- 3 

+ 12 

— 

— 

— 

— 

3076 

- 6 

-20 

- 7 

- 4 

- 1 

- 3 

0 

— 

— 

3049 

+ 11 

- 3 

- 6 

+ 1 

- 2 

+ 6 

+ 3 

— 

— 

Spet X Star: 
3173 

-36 

- 1 

-14 

- 6 

- 8 

-13 

- 1 

- 2 

- 6* 

3176 

-36 

- 1 

-10 

- 4 

- 6 

- 6 

— 

+ 3 

- 4* 

3136 

-17 

-22 

-10 

- 4 

- 4 

— 

— 

— 

— 

Mean 

66 

61 

20 

64 

18 

48 

86 

87 



* Exchiding 1928 result, which unduly favours this selection. 


For similar reasons, hundreds of other strains have also, been dis- 
carded. These particular Swedish strains have grain and straw charac- 
teristics of low agricultural value compared with English types and 
inheritance of these characters has led to the discard of many strains 
of resistant hybrid material. Selection is based on possession of the 
following characters in order: (1) inheritance of resistance, i.e. there 
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must be a significant difference between the new strain and the susceptible 
standard; (2) standing power of the straw, a strain that lodges being use- 
less commercially; (3) colour of seed; (4) capacity for tiller and panicle 
production; (6) size and character of panicle; (6) 1000-grain weight of seed; 
(7) percentage of husk in grain; (8) fineness of straw; (9) exsertion of 
panicle; (10) recovery power. ^ 


(3) Spet X Star Selection 3173 compared with standards 
(a) Inheritance of resistance 

The accumulated evidence of the period 1929-33 indicated that the 
strain SpetxStar 3173 appeared to possess the characters required. 
The history of the selection is shown in Table IV ; strains were discarded 
for apparent lack of resistance to save space, and also for seed de- 
ficiencies. Each of the two strains used during 1932 was taken at random 
from the corresponding 1931 material. 

The data show clearly that, in each year, the selection 3173 was 
significantly more resistant than the susceptible parent, Star, notwith- 
standing the irregularity of attack. This irregularity appears to be due 
to the fact that the fly drifts over the crop and does not make a deter- 
mined effort to search for susceptible plants.^ 


^ Losses by bird damage both in spring and autumn have to be prevented by caging, 
which does not favour growth. This, together with an abnormal sowing date, makes 
selection on a quality basis difficult and comparison with standard varieties essential. 

* This is shown by the results of a “shelter’* experiment in which plots of 160 Victory 
plants, planted 2x6 in., were sheltered from invasion by the fly by strips of hessian doth 
of varying heights. 

“iSffceZter” experimerU 


< 

0 

86-8 


Individual “shelter** plot results, showing height of shelter in feet and 
corresponding percentage extent of attack on primary shoots 

Height in feet 


^ s.B. per 

i 1 2 3 4 Mean plot 

62-6 44 3 6-8 0-6 0-5 33-2 36*7% 


s.E. of difference between two means of six plots = 7*03, therefore differences of fourteen 
or more are significant, z being 0*7058 for 1 per cent distribution. 


Due to 

A nalyeis of variance 

Degrees of Mean 

freedom square 

iiog. 

■ s 

Rows 

5 

74-4 

2- 168 

0-342 

Columns 

6 

117-4 

2-380 

0-120 

Treatment 

6 

8092-8 

4-500 

2-000 

Error 

20 

148-1 

2-600 



The regularity of the decrease in extent of attack indicates a low drift of fly over the 
whole area. There is, consequently, a tendency for high infestation to occur in su^s 
carrying susceptible types. 


64-2 
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Table IV 

Eistory of Spet x St^r selection 3173, generation in 1928 


Year 

1928 

1929 

1930 

1931 

1982 

1933 

1934 

1935 

Strain 

No. of plants 









identi- 

examined... 

28 

41 

30 

600 

760 

4156 

900> 

7200®* 

doation 

Percentage 

21 

50 

6 

41 

— • 

— 

— 

— 

a 

loss of pri- 




60 

14 

48 

— 

93 

h 

mary shoots 




54 

7 

28 

— 

— 

c 




— 

13 

47 

— 

89 






48 

13 

14 

— 

z 

z 

d 





67 

44 

13 

39 

— 

— 

e 

f 





— 

24 

— 

— 

— 






64 

23 

— 

— 

— 

9 





— 

4 

36 

— 

90 






62 

9 

39 

— 

— 

K 





— 

14 

33 

— 

89 






58 

0 

29 

36 

____ 


% 





69 

36 

0 

36 



88 

i 

k 







0 

32 

— 

— 






67 

10 

41 

— 

87 

1 





— 

6 

34 

— 

— 






62 

4 

26 

— 

88 

m 





— 

4 

24 

— 

— 






62 

8 

37 

— 

— 

n 






7 

32 

— 

— 






OJ 

74 

— 

— 

— 

— 

V 





70 

— 

— 

— 

— 

9 





61 

6 

28 

— 

— 

r 





— 

0 

33 

— 

— 






68 

— 

— 

— 

— 

s 





42 

12 

43 

— 

— 

t 







8 

26 

— 

90 









— 

84* 

videja, 832fors.E 









and standard 









values 


Mean 




59 ±2-6 

10±l-6 

36±16‘ 




Spet* 

56 

37 

24 

63 

11 

29 

77 



Star 

— 

73 

40 

75 

26 

64 

92 










±1*6 




1 Remainder of row of thirty plants destroyed by wireworm. 

* Latin squares. 

• From material of same strain sown early, 1934. 

^ Sowing from bulk. 

* Mean attack on twelve other linos, taken from other selections sown early during 
1932 = 34 per cent. 1932 and 1933 data, correlation coefficient r = +0*54 ±0*11. 

• For errors of standards, vide Table I. 


The Latin square trial of the bulked material of the selection 3173 
(referred to in Table IV), together with other selections made during 
1934, gave the following results which confirm, by accepted experimental 
methods, the inheritance of resistance. 
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Standards and certain Spet x Star and Spet x King sdections, 1934 


Individual varieties and selections, 1934 

Spet X King 

Spet X Star / * s s.*. per 

Victory Star Spet 3173 3076 3049 Mean plot 

92-6 91-8 77-2 83-8 86 1 88 0 86-3 3 02% 

8.B. of difference between meana of six plots = i:l*49. 

Differenoe of 3-0 or more between results is significant, z being 0*7068 for 1 per cent 
distribution. 



Analysis of variance 



Due to 

Degrees of 
freedom 

Mean 

square 

ilog. 

z 

Rows 

6 

86*12 

2*226 

1*266 

Columns 

6 

27*46 

1*667 

0*698 

Strain 

6 

190*26 

2*622 

1*663 

Error 

20 

6*80 

0*969 



It is clear therefore that: 

(1) Spet is significantly below all others; 

(2) Victory and Star do not differ significantly; 

(3) the selections are significantly below Victory and Star, 3049 
being least resistant; some degree of resistance has in each case been 
inherited from Spet. 

Evidence from the row method of previous years had placed selection 
3173 in the first position and selection 3049 last, the other being inter- 
mediate ; the latter selections, although discarded for reasons mentioned 
on p. 828, were included in order to obtain evidence of the degree of 
efficiency of the row method, by means of which a much greater number 
of selections can be dealt with at one time as compared with the Latin 
square method. 

In an endeavour to obtain some guidance from the mass of experi- 
mental evidence available over a period of years for further strain selec- 
tion, all the available data for the three characters, comparative extent 
of attack, 1000-grain weight and percentage of husk, were combined 
and expressed as means, which are indicated on p. 832. 

Strains k and b apparently differed markedly from the rest in extent 
of attack and there were certain differences in the cases of the other 
characters of obvious value if constant, e.g. low husk of strain A. These 
strains were therefore included in Latin square experiments made during 
1936 together with strains giving average values to determine the degree 
of variation. In the following sections experimental data derived mainly 
from the 1935 Latin square experiments are given which show (6) the 
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establishment of a certain degree of ‘‘purity’^ in regard to inheritance 
of resistance, and that the combination of resistance and other characters 
of agricultural importance is possible, namely, (c) standing power of 
straw, (d) tiller and panicle production, (e) size of panicle, (/) 1000-grain 
weight, (g) percentage of husk, (A) time of exsertion of panicle and 
(i) recovery power after attack. In each case comparison with parent 
and standard types is made. 


Mean differences from means, 3173 selection 


Strains included 

Extent of 

lOOO-grain 


in Latin aquEires 

attack 

weight 

% of husk 

k 

-9 

-2*3 

+ 1-3 

t 

-3 

+ 1*2 

+ 01 

m 

-2 

+ 0*8 

-0*9 


-1 

-1*3 

+ 0*2 


-1 

-0*8 

+ 1*0 


0 

-0*7 

+ 0*7 

t 

+ 1 

+ 0*4 

-0*4 

1 

+ 2 

+ 0*7 

-0*6 

g 

+ 2 

+ 0*1 

-0*3 


+ 2 

-0*1 

+ 0*8 

h 

+ 3 

0 

-1*9 

h 

+ 8 

+ 1*4 

0 


(b) ^'Purity of strains of selection 3173. 

Selection first group of strains, 1936 
Individual strains of 3173 

s.K. per 

Spet Star k h t h Mean plot 

88-4 98-3 87-7 88-8 901 92-8 91 0 2-9% 

8.E. of difference between two means of six plots = ±1-54. 

Difference of 3‘1 or more between results is significant, z being 0*7068 for 1 per cent 
distribution. 


Analysis of variance 


Due to 

Degrees of 
freedom 

Mean 

square 

ilog. 

z 

Rows 

6 

1804 

1*446 

0*468 

Columns 

5 

23*23 

1*672 

0*694 

Strain 

5 

96*35 

2*282 

1*304 

Error 

20 

7*08 

0*978 



It is clear that (1) Sept and all the strains are more resistant than 
Star, and (2) all the strains, except strain h, are not significantly different 
from Spet. Strain k gives the lowest figure and strain h the highest, 
according to expectation and their difference is significant, even at this 
extremely high rate of infestation. 
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Selection 3173, second group of strains, 1935 
Ind/ividual strains of 3173 

s.B. per 

Spot Star I m i g Mean plot 

81*5 96-9 86*8 88*2 88*6 90*2 88-4 3-9% 


8,B. of difference between two meana of six plots = ±2*0. 

Difference of 4*0 or more between results is significant, z being 0-7058 for 1 per cent 
distribution. 


Analysis of variance 



Degrees of 

Mean 



Due to 

frwdora 

square 


z 

Rows 

5 

80*16 

2*192 

0-912 

Columns 

5 

18*10 

1*448 

0-168 

Strain 

5 

162*03 

2*518 

1-238 

Error 

20 

11 93 

1*280 



It is clear that (1) Spet and all the strains are more resistant than 
Star, and (2) all the strains are less resistant than Spet, and (3) the strains 
do not differ amongst themselves; according to past experience there 
should not have been much difference between these strains. No ex- 
planation can be offered to account for the inconsistency of the Spet 
results. Taking all the data set out in sections (a) and (6) into considera- 
tion, the inference is that resistance is a heritable character and that, 
so far as this character is concerned, some degree of “purity” has been 
established. It now remains to consider the possibility of combining 
resistance with good quaUty. 

(o) Standing power of straw. 

This Spet X Star selection 3173 was outstanding during 1932, being 
the only line not lodged by a heavy gale which occurred on 30 June. 
During the 1933 season there were no untoward events of this kind, but 
during 1934 both it and related lines stood up well against high winds 
and heavy rains which flattened many other selections and standards 
(vide section (j)), 

(d) Tiller and panicle production. 

To obtain some idea of the possible yielding value of these strains, 
tiller and panicle production were determined on &-9 July 1935, from 
Latin square plots sown in the cage during the second week of February. 

Tiller estimation, selection 3173 sampled 8-9 July 1935 
Individual strains, tillers per plant 


s.E. per 

Victory h k I t b Mean plot 

11-6 12-2 14-9 14-9 15-9 16-3 14*2 16-0% 

Am % 100 106 122 122 130 134 

8.1. of difference between two means of six plots = ±1*06. 

Difference of 2*1 or more between means is significant, z being 0*7058 for 1 per cent 
distribution. 
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Analysis of variance 


Due to 

Degrees of 
freedom 

Me&n 

square 

ilog. 

% 

Bows 

6 

22*89 

1*602 

0-732 

Columns 

6 

4*72 

0-780 

— 

Strain 

6 

24*24 

1-696 

0-709 

Error 

20 

6*22 

0-820 



At this stage therefore all the strains except strain h are capable of 
producing more tillers than Victory, while, with the above exception, 
none of the strains differ significantly amongst themselves to any marked 
extent. Strain h was nearest to Victory at an earlier date (8 May) when 
the plots were also sampled, with similar results. 


Panicles 'per plant, selection 3173, 1936 
Individual strains, panicles per plant 

s.x. per 

Victory h I b t h Mean plcrt 

4-2 4-4 6-4 6*8 6-2 0-2 6-4 10-6% 

Afl% 100 106 129 138 148 148 

s.x. of difference between two means of six plots = ±0*32. 

Difference of 0 05 or more between means is significant, z being 0*7058 for 1 per cent 
distribution. 


Analysis of variance 


Due to 

Degrees of 
freedom 

Mean 

square 

Jlog# 

Rows 

6 

1*72 

1-422 

Columns 

6 

0*28 

0*614 

Strain 

6 

4*74 

1-928 

Error 

20 

0*32 

0*682 


0*840 

1-340 


Again, all the strains except strain h are significantly above Victory 
but they differ significantly amongst themselves. Strains k and t pro- 
duced most panicles per cent of tillers produced (42 and 39 per cent 
respectively, against 36 per cent for remainder). 

{e) Size of panicle. 

The number of spikelets per panicle was distinctly in favour of the 
established varieties, as may be seen from the following table based on 
panicles taken at random from plots sown normally. 


Victory 

Spet X StM 3173 


No. of Bpikdetc per pftniole 
No. of , ^ 


panicles 

Min. 

Max. 

Mean 


s.x. 

26 

32 

94 

02 

± 

3-42 

40 

27 

06 

45 

± 

1*28 


The panicles of the strain from Spet x Star were more uniform than 
those of Victory; the error (3*66) of the difierence between the means 
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shows that the difference was significant, this strain having a smaller 
panicle, at its best only equalling the average Victory panicle. Extra 
panicle production compensates for this deficiency. 

As the panicles carry about three-quarters of the number of spikelets 
carried by Victory, if they average one-third more in number a bulk 
sowing should yield equally with Victory, under the conditions of freedom 
from attack and equivalent 1000-grain weight. This equality actually 
was established in the Cambridge trial (vide j). 838). The extra resistance 
inherited by selection 3173 should make this selection a better yielder 
than Victory when subject to attack. 

(/) \QQO-grain weights. 

Comparative data for the 1000-grain weights of controls, parents and 
the Spet X Star selection 3173 are shown below followed by data from 
Latin square plots which included strains of 3173 and Victory. The 
Spet X Star selection, on the mean of the 3 years, was well placed and 
an independent trial at Cambridge was confirmatory. 



1932 

lOOO-^atn weighs 

1933 1934 

Sown, late April 

Mean 

1935 • 
(Cambridge) 

normal date 

Victory 

35*0 

32*5 

30*5 

32*7 

36*3 

Star 

36*0 

33*9 

30*5 

33*5 

— 

King 

36*6 

36*0 

323 

34*6 

— 

Spet 

36*5 

36*6 

31*9 

35*0 

— 

Summer ' 

36*4 

33*6 

32*5 

34*1 

— 

Spet X Star 

3173 (bulk) 

373 

34*2 

36*2 

35*8 

39*1 


1000-^ain weigh, selection 3173, 1936 
Individual strains, 1000-^min weigh 

S.B. per 

Victory k h I b i Mecm plot 

33-3 37-6 38-8 38-9 38-9 391 37-2 4*06% 

CorresTOnding data 36*4 36*7 38*9 38*0 

from Dulk sowings 
of sime strains 

8.E. of difference between two means of six plots = ±0*71, therefore a difference of 
1*5 between individual strains is significant, z being 0*7058 for 1 ^r cent distribution. 


Due to 

Analysis of variance 

Degrees of Mean 

ffeedom square 

Jlog, 

z 

Rows 

5 

3*17 

0*576 

0*164 

Columns 

5 

5*46 

0*848 

0*436 

Strain 

5 

30*80 

1*713 

1*301 

Error 

20 

2*28 

0*412 




836 


Studies on Oscinella frit Linn. 


Thus all the strains were superior to Victory under these conditions, 
while they barely differed amongst themselves. 

ig) Percentage of husk in grain. 

From the same materials, the percentages of husk in the grain were 
estimated from samples taken at random. The Spet x Star selection again 
compared well with Victory and the other standards, as indicated by 
the data given in the following table for the years 1932-6 and the Latin 
square results of 1936. 

Percentage of husk 



1932 

1933 

1934 

Mean 

1936 

(Cambridge) 

Victory 

27*6 

Sown, late April 
26*6 

29*0 

27*4 

normal date 
28*6 

Star 

27*6 

24*6 

28*3 

26*8 


King 

26*4 

23*2 

28*0 

26*8 

— 

Spet 

339 

32*3 

36*8 

34*0 

— 

Summer 

28*6 

28*4 

29*3 

28*8 

— 

Spet xStar 

26*3 

26*6 

27*6 

26*2 

28*6 

3173 (bulk) 







Percentage of husk, selection 3173, 1936 
Individual strains^ 'percentage of husk 

8.B. per 

Victory k h t h Mean plot 

23-5 21-4 21-6 21-6 22 1 22*6 22*1 3*11% 

CorreflTOnding data 21*6 21*4 21*9 23*1 

from bulk sowings 
of same strains 

8.K. of difference between two means of six plots = ±0*395, therefore a difference of 
0*79 between individual strains is significant, z b^g 0*7068 for 1 per cent distribntion. 

Analysis of variance 

Degrees of Mean i log. 

Due to freedom square (comparative) z 

Rows 6 0-89 1 092 0*318 

Columns 6 2*71 1*660 0*870 

Strain 6 3*92 1*833 1*069 

Error 20 0*47 0*774 


Victory is significantly above the strains, while the strains do not 
differ significantly amongst themselves except for strain 6, which was 
also higher in other cultures. 

As shown by Hunter (2) time of sowing had no effect on husk per- 
centage for, with this selection, February sowings gave a mean of 25*2 per 
cent while April sowings of the same year gave 26*1 per cent. 
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(A) Time of exsertion of panicle. 



Means of blocks 
1932 ] 

L933 

1934 

1936 

Victory 

77 

69 

67 

76 

Star 

76 

68 

54 

76 


79 

70 

56 

79 

Spet 

77 

71 

54 

71 

Summer 

69 

60 

48 

63 

Spet X SW 3173 (bulk) 

73 

66 

62 

— 


The Spet x Star selection maintained its ^rliness of panicle exsertion 
as compared with the normal types, Summer being an exceptionally 
early variety. 

The various strains of the Spet x Star selection 3173 being set out 
in Latin square formation during 1935, it was convenient to estimate 
the relative times of shooting of the different strains. 

Exsertion of panicles in days after sowing^ individual strains^ 
selection 3173, 1935 

8.E. per 

Victory I h k t b Mean plot 

128 126 124 122 122 121 124 0-9% 

8.E. of differenoe between two means of six plots = ±0*2. 

Differenoe of 0*4 or more between means is significant, z being 1*800 (0*7058 for 
1 per cent distribution). 

Thus aU these strains are earlier than Victory and signiffcant 
differences in degree of earliness exist between them. 

(i) Recovery power. 

As the extent of attack in the late sown Latin square experiments 
of 1935 was so intense, it was only necessary to remove comparatively 
few unattacked plants during the examination of the plots and the 
opportunity arose of studying the recovery power of the attacked plants. 
It not being possible to support so many scattered panicles of varying 
length, in the time available, the number of spikelets produced on each 
plot was estimated by counting the number in a weighed random sample 
of the weighed total, taken at the end of July. Such a figure takes 
account of both the number of panicles produced and the number of 
spikelets per panicle. 

Recovery y parent varieties and Spet x Star selection^ 3173, 
first Latin square 

Individual strainSy no. of spikelets per attacked plant 

8,B. per 

Spet Star h k h t Mean jfiot 

61*3 16*2 161 22*3 25*9 26*2 26*3 13*4% 

s.K. of difference between two means of six plots = ±2‘2. 

Differenoe of 4*4 or more between results is significant, z being 0*7068 for 1 per cent 
distributioa. 
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Analysis of variance 


Due to 

Degrees of 
freedom 

Mean 

square 

Jlog# 

t 

Rows 

6 

141*7 

2*478 

1*211 

Columns 

6 

73*0 

2*142 

0*880 

Strain 

6 

1016*9 

3*466 

2*198 

Error 

20 

12*6 

1*262 



Recovery^ parent varieties and Spet x Star selection^ 3173, 
second Latin square 

Individual strains, no, of spikelets per aUmhed plant 

6.S. per 

Spet Star i g m I Mean pbt 

46*9 20 1 22-3 22*6 23-4 23-6 26-4 11*5% 

8.B. of difference between two means of six plots = ±1*7. 

Differenoe of 3*4 or more between results is significmit, x being 0*7068 for 1 per cent 
distribution. 


Analysis of variance 


Due to 

Degrees of 
needom 

Mean 

square 


X 

Bows 

6 

26*4 

1*618 

0*608 

Columns 

6 

11*1 

1*203 

0*098 

Strain 

6 

609*1 

3*208 

2*098 

Error 

20 

9*2 

1*110 



Significant differences occnrred in the first square, but not in the SQcond 
except in the case of Spet. The superiority of Spet is doubtless due to 
the fact that a smaller number of plants was killed outright and that 
the tillers were probably more resistant, rather than to any large dis- 
crepancy in production per panicle. Actually in the first Latin square, 
the numbers of spikelets per panicle for the series Spet, Star and strains 
6, k, h and t were 13*3, 12*1, 8-6, 8-9, 11-6 and 10-7 respectively. 

Taking all the evidence into consideration, strain t, of this Spet x Star 
selection 3173, may be placed first in a general order of merit; of the 
eight strains examined in detail it shows the best combination of re- 
sistance and other characters of agricultural importance. 

(j) Selections 3173 and 3176 compared with Victory at Cambridge, Latin 
square fidd trial, 1935. 

Dr Hunter courteously included these two closely related selections 
(bulked material) in one of his spring oat trials and extracted the yield 
data, which has been subjected to statistical analysis as follows: 

Relative mean yield 
per plot in g. 

Victory 9^ ±88 

3173 (bulk) 991 ±91 

8176 (bulk) 844 ±76 
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None of the differences is significant, the errors being so large, therefore 
selection 3173 may be considered to be at least as good a yielder as 
Victory under normal conditions of sowing, so far as the evidence of 
this independent experiment is concerned. 

The material was sampled for both 1000-grain weight and percentage 
of husk, with the following results: 


Strain 
Victory 
3173 (bulk) 
3176 (bulk) 


1000-grain weight 
36*3 ±0-43 
391 ±0-37 , 

39-9 ±0-27 


Percentage of husk 
28*6 ±0-37 
28-6 ±0-33 
30*3 ±0-32 


Both strains were therefore from 7 to 10 per cent better than Victory 
with regard to 1000-grain weight, and did not differ significantly between 
themselves; while, with regard to percentage of husk, 3173 was as low 
as Victory while 3176 was significantly higher. 

Dr Hunter offered the following remarks, with permission to include 
them in this publication : 

‘‘No. 3173 comes within easy striking distance of Victory and that 
under severe conditions of growth. It may do even better in a more 
favourable oat season. As to straw, both your varieties produced straw 
of average length and both stood well. Their outstanding characteristic 
was a pronounced resiliency which was in marked contrast to Victdry 
(a good straw but not characterized by resiliency). Indeed, the one 
feature that did strike our crop observer in respect of your oats was the 
feature I mention, associated with comparative fineness. We did not 
ascertain the jdeld of straw, but judging by appearance Victory would 
outyield both. 

“I have a note in my book that your varieties were both semi-erect 
in early growth and that whilst Victory produced erect spear-like leaves, 
those of these strains were more pendulous. As the erectness of the leaf 
is almost invariably an index of stiff straw I think it follows that 
resiliency is a distinct character.” 


(4) A Summer x Star selection 

A hybridization between Summer and Star has also provided con- 
firmatory evidence of inheritance of resistance, and the possibility of its 
combination writh good agricultural characters. 

The cross was made during 1927, four generations were grown on 
during 1928, the generations being late sown and naturally selected 
by the fly during 1929. Selection of both white and black strains was 
oontinued during the succeeding years, the strains now being in the 
Fg generation, and reduced in number to nine. 
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Table V 

Showing numbers of plants examined and percentage losses of primary 
shoots of parent types and strains from Summer x Star selectiorts 


Year 

1930 

1931 

1932 

1933 

1934 

1936 

No. of plants 
examined . . . 

120 

180 

210 

270 

963 

46001 

Strain o* 

6 

61 

10 

38 

77 

— 

b 

— 

60 

0 

46 

81 

83 

c 

— 

— 

— 

38 ‘ 

74 

— 

d 

— 

— 

— 

42 

80 

86 

e 

8 

44 

19 

48 

— 

— 

f 

— 

35 

0 

43 

72 

77 

9 

16 

44 

7 

29 

67 

— 

h 

— 

— 

— 

29 

63 

77 

i 

— 

— 

6 

33 

68 

79 

j 

11 

26 

4 

30 

65 

— 

Summer* 

18 

49 

8 

26 

69 

68 

Star 

40 

76 

26 

64 

99 

96 


* Latin square. 

* Different selections gave rise to strains c-t and j respectively. 

* For errors of standards, vide Table I. 


This Summer x Star material, having given a high correlation for the 
years 1933 and 1934, f= 4- 0*838 ±0*066, a somewhat remarkable figure 
under the circumstances, was tested for variability of resistance by a 
Latin square experiment, five of the strains being tried against Summer. 


Summer x Star selection, 1935 
Individual strains 

s.i. per 

b d f h i Summer Mean plot 

83 1 86*3 767 77-4 78-7 67-7 78-3 6-9% 

Thus the s.s. of the difference between two means of six plots is 3*14, and a difference 
of 6*3 or more between the results is significant, z being 1*055, when 0-7058 only is required 
for 1 per cent distribution. 


Analysis of variance 



Degrees of 

Mean 



Due to 

freedom 

square 

ilog. 

z 

Rows 

5 

43*36 

1*882 

0*190 

Columns 

6 

38-99 

1*832 

0*140 

Strain 

6 

244*40 

2*747 

1*066 

Error 

20 

29*47 

1*692 


It is clear (a) 

that Summer at 67*7 

is significantly below 


strains; (6) that between strains a difference in resistance exists, strain b 
at 83*1 and strain d at 86*3 being significantly higher than others, as 
was expected from the previous 6 years* results. 
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The results of this Latin square experiment bear out the evidence 
of the mean differences from the annual means of extent of attack 
throughout 5 years, which are as follows: 

Strain b -|- 3-0 Strain h — 2-6 

,, d -{-2*7 ,, i — 2*5 

„ / -2-6 


The evidence of consistency is valuable. 

The 1000-grain weights and husk, percentages were estimated in the 
case of the 1933 material, with the following results: 


Summer xStar: 
1000-grain weight 
% husk 
Star: 

1000-grain weight 
% husk 
Summer : 

1000-grain weight 
% hi^ 


Min. 

Mean 

Max. 

323 

36-2 

38-6 

21*8 

23-6 

26-2 

31 3 

33*9 

36-9 

24-2 

24-6 

26-4 

330 

33-6 

342 

270 

28-4 

30-0 


Thus, taking the three characters, resistance, grain weight and per- 
centage of husk, into consideration, these strains show considerable 
promise. 


(5) Spet crosses at Harpenden 

It is of interest to note that Mr Fryer has, since 1932, carried on at 
Harpenden two Oxford strains, from Summer x Star and Spet x King, 
together with the standards, this year subjecting them to analysis for 
frit attack with the following result, which, by his courtesy, I am per- 
mitted to include herewith : 


Strain 

% loss of 
primary shoot 

E* 

Abundance 

65 

12-3 

Hede 

43 

76-3 

Spet 

34 

6-6 

Summer 

47 

30-3 

Summer x Star 

54 

14-8 

Spet X King 

42 

67-2 


Thus Summer x Star and Abundance (susceptible type) alone differ signi- 
ficantly from Spet, while Summer x Star alone fails to differ significantly 
from Abundance. 

The Summer X Star strain was discarded a year or two ago; the 
Spet X King strain has, however, retained its resistance for 3 years when 
grown in another locality. The varieties Summer and Spet have appa- 
rently reversed their positions as compared with Oxford results, but 
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actually the measure of significance of the difference only equals 2*17 
(i.e. chances approximately 22 to 1). 

(6) Possibk factors determimng varietal differences in resiaUif^ 

The fact that there is a certain constancy in the difference between 
varieties in extent of attack by the fly, throughout the range of attack, 
seems to imply that such differences are due to characters which vary 
more or less regularly with variations of environmental conditions. 

From one of the Latin square experiments laid out during 1936, 
plants of Victory and strain I of the resistant Spet x Star selection 3173 
in the five- to six-leaf stage were broken up into primary shoots and 
tillers, and the dry matter and the percentages of ash, nitrogen, total 
and soluble carbohydrate, crude fibre and combined silica in the dry 
matter determined for the primary shoots, the data obtained being 
shown in Table VI. The Spet x Star resistant strain I therefore produced 
28 per cent more dry matter per primary shoot and proved to contain 
6*3 per cent more total carbohydrate, 6*2 per cent more soluble carbo- 
hydrate and 9*8 per cent more crude fibre than did Victory; each of 
these differences is significant, but that for percentage of combined silica 
is not. 

Table VI 

Dry matter % total % soluble 
Strain per plant caroohydrate carbohydrate 

3173,1, 0-411 ±0017 71*03 ±0-613 62*13 ±0*479 

primaries 

Victory, 0*320 ±0*009 67*37 ±0*896 49*60 ±0*921 

primaries 

Difference, D 0*091 4*26 2-53 

Significance, D/E 4*68 3-92 2-42 

(1% point, 2*67) 

Any difference between the carbohydrate balances in two strains 
may be of material importance; a larger percentage of total carbohydrate 
in the dry matter is associated, in the resistant strain Spet x Star 3173 /, 
with a larger percentage of soluble carbohydrate. A larger percentage 
of crude fibre, possibly resulting therefrom, may mean either that the 
resistant strain possesses more smaller cells, or thicker cell walls or more 
fibrous tissue than does Victory. Any such character would tend to 
increase the difficulty of larval penetration and increase resistance to 
attack. An attempt to demonstrate such differences by measurement 
of stem sections has not been successful, owing partly to the difficulty 
of making good sections of this material and partly to the degree of 
variation shown by the oelLsu 


% crude % combined 
fibre silica 

19-60 ±0*372 16-36 ±0*516 

17*78 ±0*317 13*80 ±0-696 

1*72 1*66 

3-62 1*80 
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The difference in content of combined silica, while not significant,^ 
is suggestive in view of the order of the strains. It is well known that 
certain wheat varieties resistant to the attack of the Hessian fly contain 
more silica than do susceptible types. 

In this connexion it is of interest to record that the resistant strain I 
contained more total carbohydrate per unit content of nitrogen than 
did Victory.* 

Total oarboh7dl*ate /nitrogen mean 
Strain ^ ratio with standard error 

3173, It primaries 29-0:^1*12 

M tillers 26-5i:0-93 

Victory primaries 22*9 db 1*34 

„ tillers 22-1 ±0-95 

The difference of 6*1 between the ratios for the primary shoots, has 
significance {D/E) of the order of 3*48 and the difference of 4*4 for the 
tillers, a significance of 3*36 (1 per cent point = 2*57). Although this 
difference between the strains is marked, at the moment it is not clear 
how it is related to the difference in crude fibre production, etc. 

Summary 

As the result of studies on OsdneUa frit during the years previous 
to 1928, it was considered that an attempt might be made to solve the 
economic problem presented by this fly by hybridization of oats, using 
a resistant variety as one parent. 

The technique adopted is described and the experimental data show 
that resistance to attack is an inheritable character (or complex of 
characters), although difficult of precise measurement. Further, it is 
shown that agricultural quality and resistance to attack are not incom- 
patible. 

Wet weather conditions during the flight of the fly have a very 
marked effect in limiting the extent of damage to fhe crop. 

It is suggested that varietal differences in extent of attack may be 
due to varietal differences in crude fibre production or deposition of 
silica, both tending to increase the larval difficulties and therefore the 
resistance of the plant. 

I have great pleasure in acknowledging the readiness with which 
Dr Hunter of the School of Agriculture, Cambridge, has given me the 

^ Only a f«w lainpleii of aah mn available for this determination. 

" Determined in collaboration with my colleague C. Q. T. Morison. 

Ann. Biol xxm 


66 
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benefit of his experience; also, the valuable oritioism which Mr J. C. F. 
Fryer, of the Ministry of Agriculture Pathological Laboratory, Har- 
penden, has always placed freely at my disposal 
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SHEEP BLOW-FLY INVESTIGATIONS 

m. OBSERVATIONS ON THE CHEMOTROPISM 
OF LUCILIA 8EB1CATA MG. 

By R. P. HOBSON, B.Sc., Ph.D. 

Department of Agricultural Zoology ^ School of Agriculture, 
University College of North Wales, Bangor 

In a previous paper of this series (2) it was shown that various putrefying 
materials attract Ludlia sericata Mg., the sheep maggot-fiy, to oviposit 
on live sheep. Since these materials were only effective when in contact 
with sheep, a combination of two factors is clearly essential for ovi- 
position: (i) supplied by live sheep, probably some volatile sweat con- 
stituent, (ii) products of putrefaction. For convenience, these will be 
referred to as the S and P factors respectively. A peculiar feature of 
the S factor was its apparent absence from the skin and fleece of a 
recently slaughtered sheep. A preliminary examination of the chemical 
nature of the P factor showed that ammonia was attractive when placed 
on live sheep. The present paper describes further experiments on the 
attractiveness of various chemicals when placed on sheep. It also in- 
cludes some preliminary tests on the efficiency of repellents in preventing 
oviposition on sheep treated with an attractive substance. 

Methods 

The experiments were carried out in a small paddock behind the 
laboratory. 5-10 ml. of the test solution were poured on to a piece of 
cotton wool tied to the fleece of a sheep and after 1-2 hours the treated 
spot was examined for the presence of eggs. A positive control was run 
with a substance known to be attractive, usually larval excreta. Most 
of the experiments were carried out during “heat waves” in July and 
August when the temperature was over 70° F. Under these conditions, 
as many as 5-10 clusters of eggs were found with attractive substances 
and negative results proved reliable if duplicated. In order to measure 
the degree of attractiveness of different substances, a solution was diluted 
2, 4, 8 times, etc., until oviposition no longer resulted. This method 
generally produced a sharp disappearance of attractiveness; occasionally 
a dilution was found which gave negative results on one occasion and 
a smaU number of eggs on another. 


55-2 
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Variation in 8 factor 

The 8 factor of the same individual sheep appeared to be equally 
effective throughout these experiments; however, a marked variation 
was found in different sheep when treated with the same attractant. This 
is illustrated by the results obtained with solutions of ammonium car- 
bonate when placed on four Welsh sheep (Table I). It will be seen that 
the minimum attractive dose varied from 0*6 to 4 per cent. Presumably, 
this indicates that the amount of the 8 factor varies in different sheep. 
In the 1934 investigations (2), it was noticed that the mature rams 
attracted flies more readily than lambs and also emitted a stronger 
“sheep odour”. To the human perception, the smell of No. 2, the most 
attractive to the flies, was less than that of the ram (No. 1) and similar 
to that of the other yearlings. The 8 factor is, therefore, not an odour 
which is noticeable to man; however, since it varies from sheep to sheep 
and, in conjunction with a source of the P factor, attracts flies from a 
distance, it is presumably a volatile substance attracting by its odour. ^ 

Table I 

Variation in attractiveness of different sheep 

Oripoaition 

^ - A ^ 

Ammoniom carbonate % ... 4 2 1 0-5 0-25 

No. 1, Mature ram + + + - - 

2, Yearling wether + + + + - 

3, „ + + ~ - 

4, „ .f _ _ 

+ =egg8 laid; - =no eggs laid. 

Tests with repellents 

The discovery that certain substances attract i. sericata to oviposit 
on sheep should provide a simple method of testing repellents. For 
accurate investigation of repellent action a standard attractant is re- 
quired and to this different substances can be added to test their efficiency 
in preventing oviposition. It will be shown later that certain pure com- 
pounds attract L. sericata to oviposit on sheep; it is, therefore, now 
possible to prepare standardized attractants. These were not, however, 
available at the beginning of the season, and a preliminary series of 
experiments was carried out with an attractant of biological origin — 
excreta of i. sericata larvae. The same preparation was used throughout; 

^ My colleague. Dr W. M. DaTiea, obaerred that L. amcata approach iheep in a aihort 
time md upwindt when a solution of indole and ammonium carbonate, itself unattractive, 
ifl placed in a glass container on the back of a sheep. 
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6 ml, together with various amounts of added substances, were tested 
by the general method already described, each experiment being repeated 
at least twice. Duplicate tests rarely showed disagreement; when this 
did occur, it presumably indicated that the particular concentration 
had doubtful repellent properties. 

Table II 


Effect of various substances in preventing oviposition 
by L, sericata on sheep 


% added to attractant ... 

10 

01 

Aniseed oil 

± 

+ 

HarnoM oil 

± 

+ 

Miutard ofl 


+ 

Pine tar oil 

- 

- 

Quinoline 

. 

+ 

Naphthalene 



p-Diohlorbenzene 

, 

+ 

Camphor 

- 

+ 

Phenol 

— 

+ 

Nitrobenzene 

- 

, 


- =DO eggs laid; + =eggfl laid; db ^ovipoaition found on some occasions, not on others 

It will be seen from Table II that only one of the substances tested — 
pine tar oil — was strongly tepellent, 0*1 per cent of this oil preventing 
oviposition. Mustard oil, camphor and phenol were repellent when 1 per 
cent was added to the attractant, but not with 0*1 per cent. It was 
surprising to find oviposition in the presence of strong-smelling materials 
such as aniseed oil and quinoline; it was noticed, also, that eggs were 
laid within 1 cm. of crystals of naphthalene. These results show that 
L, sericata is extremely persistent and cannot readily be prevented from 
ovipositing on sheep. The method is clearly a critical one and should 
prove valuable in eliminating useless repellents and suggesting materials 
worthy of further study. When the weather is hot and sunny, three 
experiments can be carried out with each sheep in 1 day, and definite 
results are obtained. This overcomes many practical difficulties which 
hitherto have prevented a satisfactory study of repellents in the field. 
It is hoped to carry out a more extensive series of tests next sunoimer 
with a standard chemical attractant. 

Nature of P factor 

Ammonium hydroxide and putrefying materials have been shown 
to attract L. s&rioata to oviposit on sheep (2). In the present experiments 
ammonium carbonate proved far more attractive than ammonium 
hydroxide. Thus, a 0*2N solution of the carbonate induced oviposition 
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on sheep No, 1, whereas a 0‘8N solution of the hydroxide was not 
attractive. ‘However, the effect of natural putrefying materials is not 
entirely due to ammonium carbonate. For example, while the pure 
compound was unattractive at less than 1 per cent (0*2 N), a sample of 
larval excreta was attractive at a dilution of 1 in 20, which was found 
(by estimating the ammonia) to contain only 0*05 per cent of ammonium 
carbonate. Fractionation of larval excreta did not provide much in- 
formation as to the nature of any attractants other than ammonium 
carbonate. The effective compounds are volatile since evaporation to 
dryness destroyed the attractive properties of this material, but steam 
distillates did not prove highly attractive. Probably the chemotropic 
effect of the excreta is due to a mixture of moderately volatile com- 
pounds which only distil slowly with steam. Basic compounds are not 
entirely responsible since much of the attraction disappeared when the 
substance was made acid, evaporated nearly to dryness and then made 
alkaline again with sodium carbonate. 

Since it is known that various aliphatic alcohols, acids and esters 
attract houseflies, tests were carried out witlf compounds of this nature 
and with certain putrefactive bases. As it seemed possible that am- 
monium carbonate might be an essential coinponent of the P factor, in 
most of the experiments the test substance was added to a solution of 
ammonium carbonate, which by itself was not effective (half the mini- 
mum attractive concentration). The results are shown in Table III. 

Table III 

Attraction of various compounds for L. sericata 


Seriee II (added to (NH4)sC0a eolution, 
Series 1 (tested alone) ^ minimum attractive concentration) 



Ovi- 

position 


Ovi- 

position 

Substance 

on sheep 

Substance 

on sheep 

O'liV ammonium valerianate 

- 

0*02 acetic acid 

- 

0'\N ammonium butyrate 

- 

0*02 .AT butyric add 

- 

0-1 N ammonium lactate 

- 

0*02 valerianic add 

± 

0*2 N valerianic acid 

- 

2*0 % ethyl alcohol 


0*2 .y butyric acid 

- 

0*1 % amyl alcohol 

- 

0*2^ lactic acid 

- 

0*1 % butyl alcohol 

± 

100 % butyl acetate 

- 

0*02 ethyl butyrate 

0*06 % sodium sulphide 


100 % ethyl butyrate 

- 


100 % amyl alcohol 

100 % butyl alcohol 

- 

0*02 % trimethylaoune 

— 

- 

0*02 % methylamine 


2 % ethyl alcohol 

1 % methylamixie 

— 

0*01 % indole 

+ 


0*1 % tyramine hydrochloride 
0*1 % histamine phosphate 

- 

Tests carried out in dupUoate: 4- =large numbers of eggs; - sno eggs; 
number of eggs in pne test, none in other. 

^ssmall 
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None of the aliphatic compounds proved highly attractive; methyl- 
amine, trimethylamine, histamine and tyramine gave negative results. 
In the previous year's experiments, trimethylamine, ethylamine and an 
aqueous solution of indole prepared by shaking up crystals with water 
proved unattractive. An entirely different result was, however, obtained 
this year with a solution prepared by dissolving indole in a small amount 
of alcohol and diluting with water. This solution proved strongly attrac- 
tive and produced oviposition on sheep No. 2 at a concentration of indole 
as low as 0*005 per cent. Table IV shows the results obtained with indole 
and the related compounds, skatole (methyl indole) and pyrrole. Both 
indole and skatole are products of bacterial putrefaction and possess 
an obnoxious faecal odour. 


Table IV 

Results obtained with indole, skatole and pyrrole 

Ovipoeition on sheep 



% 

No. 1 

No. 2 

Indole 

0-01 

+ 

+ 


0-005 

- 

+ 


0-0025 

- 

± 


0-0012 



Skatole 

0-01 

- 

+ 


0-005 

- 

- 

Pyrrole 

0-01 

- 

- 


± indicates doubtful response. 


It will be seen from the table that skatole was also highly attractive, 
but less so than indole; pyrrole had no effect at a concentration of 
0*01 per cent. The attractant properties of mixtures of ammonium car- 
bonate and indole appeared to be equal to, or slightly greater than the 
sum of those of the components. Indole and skatole had no attraction 
for blow-flies when not placed on sheep, either in the field or in cages; 
Hewlett (3) observed in India that Sarcophaga sp. oyiposited in response 
to a solution of skatole. 


Discussion 

The attractiveness of sheep for L, sericata varies considerably among 
individuals (Table I), and this may represent an important new factor 
in the susceptibility of sheep to blow-fly attack. A sheep (such as No. 2), 
which attracts flies when treated with low concentrations of ammonium 
carbonate or indole, would be more liable: (a) to become blown; (b) to 
be reblown if the wound after treatment did not heal cleanly. The relative 
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attraotivenefis of sheep can now be readily measured by means of solu- 
tions of ammonium carbonate or indole. This subject merits further 
investigation, and it is hoped to examine next season the effect of age, 
sex, wool type, etc., on attractiveness. The discovery is important in 
relation to experimental research on the sheep maggot problem, for, in 
tests on preventive measures, especially repellents, and on dressings for 
strikes, the selection of sheep of equal attractiveness should increase the 
probability of obtaining significant results. 

The stimulus which induces L, sericata to oviposit on sheep is supplied 
by a combination of two factors, provided by the sheep itself (5 factor) 
and by products of putrefaction (P factor) (»). The present experiments 
have shown that ammonium carbonate, indole or skatole will supply the 
P factor, as solutions of these compounds induce oviposition on sheep. 
These are probably not the only attractive substances present in putre- 
fying materials; nevertheless, as a result of these observations, it is now 
possible to prepare standardized attractant solutions which should prove 
valuable for testing repellents and measuring the relative attractiveness 
of different sheep. 

Although several workers have studied the chemotropic responses of 
the house-fly, Musca domestica, our knowledge of the chemotropism of 
blow-flies is extremely meagre. It is of interest that the responses of 
Lxicilia sericata resemble in some respects those of Musca domestica. The 
most peculiar feature of the chemotropism of the sheep blow-fly is the 
dual nature of the stimulus which attracts females to oviposit on sheep. 
The house-fly, like the sheep blowfly, oviposits in response to ammonium 
carbonate, but only when an additional factor is supplied. Crumb & 
Lyon(i) and the Eichardsons(6) observed that a mixture of bran and 
ammonium carbonate attracts house-flies to oviposit; Richardson (4) also 
found oviposition with a mixture of ammonium carbonate and butyric 
acid, neither substance alone having any effect. These results show that, 
in chemotropic experiments, it is important to test mixtures of various 
substances, as trials with individual compounds may give misleading 
results. 


Summary 

1. The attraction for LudUa sericcUa Mg. of putrefying substances, 
when placed on sheep, seems to be due largely to the presence of indole, 
skatole and ammonium carbonate. When dilute solutions of these com- 
pounds are placed in the fleece of live sheep, L. sericata females are 
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attracted to oviposit. This represents an important advance since stan* 
dardiised attractant solutions are now readily available. 

2. A technique for testing repellents has been devised which is based 
on this tropism. The method appears to be critical and is rapid, each 
test requiring only 2 hours ; it should be especially valuable for selecting 
likely repellents for further investigation. 

3. Sheep vary considerably in their attractiveness for L. sericata; 
this may be an important new factor in the susceptibility of sheep to 
blow-fly attack. The attractiveness of individual sheep can readily be 
measured with solutions of indole and ammonium carbonate. 

I am greatly indebted to the Agricultural Research Council for a 
grant which has entirely financed this work. I wish to express my 
appreciation to Dr W. M. Davies for his helpful advice and active interest 
in this work. 
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SHEEP BLOW-FLY INVESTIGATIONS 

IV. ON THE CHEMISTRY OF THE FLEECE WITH 
REFERJENCE TO THE SUSCEPTIBILITY OF 
SHEEP TO BLOW-FLY ATTACK 

By R. P. HOBSON, B.Sc., Ph.D. 

Department of Agricultural Zoology, School of Agriculture, 
University College of North Wales, Bangor 

Introduction 

Hold A WAY & Mulhearn(3) have recently suggested that the sweat^ 
content of the fleece provides an index of the susceptibility of sheep to 
blow-fly strike. In order to test this hypothesis, a series of wool analyses 
has been carried out, determinations being made of pH value, water- 
soluble matter and grease. In this country (2) the rump and shoulder 
are the most common sites of attack. Soiling with urine and faeces 
explains the susceptibility of the rump, but it is difficult to understand 
why the shoulder region should be liable to attack. If Holdaway & 
Mulheam’s theory is correct, the suint^ content of the wool should be 
higher on the shoulder than on the rest of the back which is less sus- 
ceptible. An investigation was therefore made of the distribution of 
suint over the body; analyses were also carried out on wool samples 
collected from sheep struck during wet weather in the autumn and from 
some which had not been attacked. 

Experimental 

Small samples of wool were used weighing about 2 g. pH determina- 
tions were carried out as soon as possible, usually within 24 hours. 
Before suint and grease were estimated, the samples were exposed for 
4 days to air of 60 per cent relative humidity. All the percentages given 
are based on the weight of wool after this treatment. 

^ The word **Buint** will be used to designate the water-soluble matter in wool; this is 
usnallj regarded as the dry residue from the evaporation of the product of the sudoriferous 
glands. It will be shown later that Holdaway and Mulheam’s argument depends partly 
on suint analyses made by other workers; they use the word “sweat” to indicate “dried 
sweat” (= suint). 
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Analytical methods 

pK was determined colorimetrically with a B.D.H. comparator. 
A water extract was prepared by shaking the wool with distilled water 
for a few minutes. 50 ml. proved the most suitable volume for extracting 
1 g. of wool; the solution was too cloudy with a smaller quantity of 
water and the pH was affected by the volume of solvent if this exceeded 
70 ml. per g. The grease content was determined by drying the wool and 
extracting in a Soxhlet extractor with ether, the grease removed being 
dried and weighed. The suint content was estimated as follows : the wool 
was placed in a flask, treated with 50 times its weight of water and left 
to stand overnight; the solution was then poured into a beaker, acidified 
with one drop of strong hydrochloric acid and repeatedly filtered until 
the filtrate became clear; 50 ml. of this solution were evaporated in a 
tared basin which was dried at 100® C. and weighed. In the later samples, 
on which grease determinations were carried out, the water-soluble 
matter was estimated in the residue after extraction with ether. 

Table I 

Diagrammatic representation of fleece shomng pH and suint content of basal 
wool in different regions. Samples collected from ewe on 21 Juns 1935 
C B A B C 



* Wool in this region stained yellow. Bracketed figures values. Unbracketed 
figures sBuint percentage. Site of sample to right of suint figure and to left of pH value. 
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ResuUs with ewes. 

In order to obtain a general idea of the dietribution of suint, a large 
number of wool samples were oolleoted from one ewe; most of these 
samples were taken from the wool close to the skin (approximately the 
bottom 2 in. of the fleece, referred to as basal wool). Table I shows the 
values found for the pH and suint content of the basal wool in different 
parts of the fleece, Table II gives some corresponding figures for the 
grease content, and Table III shows the distribution of pH, grease and 
suint along the fibre. 

Table II 

Grease content of basal wool from different parts of the body. 
Samples collected from ewe on 21 June 1936 


Site of sample 

Grease (%) 

4 A. Back (hind) 

7*1 

2*6 A. Back (mid) 

16*1 

1 A. Shoulder 

14*8 

3C. Flank 

16*6 

0. Breast 

11*0 


It will be seen from Table I that along the backbone (A, 1-4) the 
suint content is low and the reaction approximately neutral; the fluctua- 
tions are comparatively small and appear to occur in a random way. 
On the side of the back (B) and on the flank (C) the suint content is 
higher; on the breast (0), the wool contains considerably more suint and 
the reaction is more alkaline. The shoulder region (1 A) does not show 
marked differences as compared with other parts of the back. These 
findings agree with the results obtained with other sheep which will be 
given later. 

Table III 

Distribution of suint, grease and pH along the fibre. 

Samples collected from ewe on 21 June 1936 


1 A. 
2*6 A 
3C. 


Site of sample 

Shoulder: pH 

Suint % 
GresM % 
Mid.baok: pH 

Suint % 
Grease % 
Flank: pH 

Suint % 


Suint % 
Gfease % 


Fraction 


Distal 

Middle 

Basal 

6*9 

7*7 

7*4 

4*6 

6*8 

4*0 

14*6 

13*2 

8*6 

6*8 

7*0 

7*4 

1*6 

2*4 

3*6 

18*6 

17*6 

16*1 

7*3 

8*2 

8*4 

6*7 

8*1 

8*0 

7*9 

8*3 

9*6 

9*7 

13*8 

2M 

11*4 

12*4 

10*0 


0 . 


Breast: 
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Table III shows that the pR and saint content decrease from the 
base to the tip of the fibre, whereas the grease content tends to increase; 
this was found in almost every case, an exception being the discoloured 
wool from the shoulder. In this latter sample, the pH and suint content 
were highest in the middle fraction, which was also the most highly 
coloured. 

Suint and pH determinations were also carried out on a further batch 
of forty-two samples collected from seven Welsh ewes. The results are 
shown in full in Table IV and in summarized form in Table V. 

Table IV 


pH and suint content of basal wool from different parts of fleece^ 
Samples collected from seven ewes on 4 June 1936 


Sheep no. 

Region (see Table 1): 

1 

2 

3 

pH value 

4 

5 

6 

7 

1 A. Shoulder 

6*7 

7*2 

73 

7*3 

7*6 

7*3 

7*4 

1‘5 B. Side of shoulder 

71 

7*6 

73 

7*1 

7*4 

8*3 

7*8 

2-6 A. Mid-baok 

6*8 

7*2 

8*0 

7*0 

7*4 

6*7 

7*5 

4 A. Hind part of back 

6*7 

7*6 

6*4 

6*9 

7*1 

7*2 

6*9 

2*6 C. Flank 

7*7 

8*6 

7*5 

7*7 

7*7 

8*6 

8*7 

0. Breast 

9*2 

8*9 

8*5 

9*2 

9*1 

9*2 

9*2 

Sheep no. 

Region (see Table 1): 

1 A. Shoulder 

1 

2 

3 

Suint % 

4 

6 

6 

7 

4*9 

4*8 

8*9 

6*3 

7*6 

8*0 

9-7 

1*5 B. Side of shoulder 

7*7 

7*7 

8*9 

8*0 

10*6 

10*2 

9*8 

2*5 A. Mid-baok 

5*9 

6*8 

12*1 

6*0 

10*4 

5*6 

13*2 

4 A. Hind part of back 

33 

35 

7*1 

7*6 

9*6 

4*2 

9*2 

2*5 C. Flank 

8*8 

13*7 

9*8 

16*6 

17*4 

13*4 

16*1 

0. Breast 

17*8 

17*8 

24*1 

25*6 

23*1 

25*3 

18*9 


Table V 

Mean values for different regions calculated from figures in Table IV 

pH Suint % 


Region 

t 

Mean 

— ^ 

8.B. ± 

t 

Mean 

8.B. ± 

Shoulder 

7*2 

0*10 

7*1 

0*71 

Side of shoulder 

7*5 

0*17 

9*0 

0*46 

Mid-baok 

7*2 

0*17 

8*4 

1*3 

Hind put of back 

7*0 

0*14 

6*4 

1*0 

Flank 

8*1 

0*20 

13*7 

1*2 

Breast 

9*0 

0*10 

21*8 

1*3 


Table V shows that the pH and suint content do not vary appreciably 
in difiEerent regions of the back, the difierenoes between the means not 
being significant. However, both these values are higher on the flank 
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tlian on the back, and higher still on the breast, and these differences 
are unquestionably significant. 

Results with lambs. 

In the investigation of lambs, the entire staple was used for deter- 
mining grease and suint; separate samples of wool from close to the 
skin were taken for pH estimations. One batch of samples was collected 
from five fat lambs already bought by a local butcher for slaughter. 
A second series of samples was collected a week later from lambs at the 
College Farm, Aber. Tables VI and VII show the results obtained. 

Table VI 


Analyses of wool collected from fat lambs on 8 August 1936 


Lamb no. ... 

1 

2 

3 

4 

5 

Mean 

8.1. d 


Shoulder 

8-4 

7-6 

8*3 

7-4 

8-6 

80 

0-2 ^ 


Mid-back 

8-0 

7-9 

70 

7-7 

88 

81 

0*4 

- pH values 

Flank 

>9*6 

8-9 

8-4 

>9-6 

9-4 

(>9-2) 

— 1 

Breast 

8*9 

— 

9-6 

— 

— 

(9-2) 

— J 


Shoulder 

7-8 

4-5 

9-8 

120 

7-1 

8-2 

1-3 

1 

Mid-back 

8*7 

6-4 

80 

6-7 

7*9 

7*3 

0-6 

f 

k Suint % 

Flank 

14-9 

160 

120 

148 

11-3 

13-6 

0-8 

Breast 

6-8 

13-7 

16-9 

14-8 

11'7 

12-6 

1-7 

1 

Shoulder 

5-7 

61 

7-9 

16-3 

6-6 

8-1 

2-0 1 

1 

Mid-back 

6-2 

6*2 

6*7 

110 

71 

7*4 

1-0 1 

Grease % 

Flank 

9-6 

6-6 

81 

9-8 

6*1 

8-0 

0-8 j 

Breast 

3-6 

4-7 

7-6 

70 

4-5 

6-5 

0-8 1 



1, 2 , Welsh ram lambs; 3, Southdown type ram lamb; 4 , Welsh ewe lamb; 6, Welsh, 
wool kempy. 


Table VII 


Analyses of wool samples collected 16 August 1935 


Lamb no. 

1 

2 

3 

4 

6 

Mean 

8.1. :i 


Shoulder 

7-8 

— 

7-6 

7-4 

— 

(7-6) 

— ' 

1 

Back (mid) 
Back (hind) 

8-2 

— 

7-8 

7-6 

— 

(7-8) 

— 

V pH values 

8-4 

— 

7-9 

8-2 

— 

(8-2) 

— , 

Shoulder 

8-8 

9-9 

8-1 

6-8 

6-6 

7-8 

0-8' 


Back (mid) 

6-9 

10-2 

7-0 

6-1 

4-4 

6-9 

1-0 

Suint % 

Back (hind) 

9-8 

12-0 

6-7 

8-1 

7-9 

8-4 

0-6 1 

Flank 

13-6 

— 

10-9 

— 

6-3 

(10-3) 

- 1 


Shoulder 

6-3 

8-7 

4-3 

8-6 

9-1 

7-4 

1-0 1 


Back (mid) 

9-0 

11-6 

7-1 

11-4 

15-2 

10-9 

1-4 1 

1 Grease % 

Back (hind) 

7-9 

9-4 

6-6 

9*7 

6-0 

7-9 

0-8 

Flank 

6-5 

— 

6-0 

— 

9-1 

(7-2) 

— J 



All Webb ewe Iambi. No. 1, Oreoie omibnn; No. 2, Qreue uneven; No. 3, Gieaae 
nnifona, wool fine; No. 4, Wool long and ooune; No. 5, Wool medium fine. 

The distributioa of pH. and soint over the fleece of lambs is very 
similar to that found with ewes. The differences over the back are not 
significant and the fluctwdions seem to occur in a random way; the 
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values for the breast and flank are significantly higher than for the back. 
However, with lambs, the suint content on the breast was not higher 
than on the flank, as was the case with ewes. With regard to the grease 
content, it will be seen that the breast wool contains distinctly less 
grease than wool from the back and flank. 

Comparison of struck and unstruck sheep 

A further series of wool samples was collected from sheep which had 
been struck on the back during wet weather in the autumn, and for 
comparison, samples were taken from sheep of similar types which had 
not been infested with maggots. 

Table VIII 


Comparison of struck and unstruck sheep. 
Samples collected on 3 October 1935 



Sheep 


Grease 

Suint 



No. 


/o 

% 

Remarks 

Ewes: 

1. 

Struck 

12-8 

2-3 



2. 

$% 

14-4 

2-3 



3. 


91 

0*9 



4. 

Unstuck 

9*5 

M 



6. 

t* 

11*6 

1-4 



6. 

»f 

9*6 

1-3 




Mean : struck 

121 

1-8 




Mean: unstruck 

10-2 

1-3 


Lowland lambs: 

7. 

Struck 

4-4 

0-6 

Wool in remon of strike 



Stained wool from 7 

6-9 

2-0 

stained y^ow 


8, 

Struck 

19 

6-6 

Wool disroloured 


9. 

Unstruck 

115 

21 



10. 


8-7 

M 



11. 

If 

12-8 

1-8 




Mean: struck 

61 

3*0 




Mean: unstruck 

11-0 

1*7 


Mountain lambs, 

12. 

Struck 

8-7 

21 


wool kempy: 

13. 

*> 

12-3 

2-3 



14. 

Unstruck 

12-9 

3-2 



16. 

tt 

12*6 

3-2 




Mean: struck 

10-6 

2-2 




Mean: unstruck 

12-7 

3-2 


Southdown 

Id. 

Struck 

10*7 

8-4 

Wool discoloured and 

cross lambs: 

17. 

Unstruck 

11-2 

21 

scabby 

Mean: struck 

10*0 

8-0 


Mean: unstruck 

IM 

1-9 



Unless stated to the oontrary, the breed of sheep was Welsh and samples were taken 
from the middle of the back. The strikes had occurred on the back. 


The results, given in Table VIII, do not show a consistent difference 
between struck and unstruck sheep, either in grease or suint content, 
though the mean suint value of all the struck sheep is considerably higher 
than the corresponding figure for unstruck sheep; this is mainly due to 
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the high suint content of the wool samples from two of the strnok sheep, 
numbers 8 and 16. The suint values are considerably lower than those 
previously recorded ; this is doubtless due to the leaching effect of dipping. 
These sheep had been double dipped a few weeks before sampling; the 
previous analyses were made on wool from undipped sheep. 

Discussion 

There appears to be little known about the distribution of the yolk 
(suint and grease) in sheep’s fleece. Bonsma & Starke(i) examined 
Merino sheep in South Africa and found that the suint firaction was 
evenly distributed over the flanks and back. Thus, the mean values 
obtained for five different regions lay between 19*1 and 23*0 per cent, 
though the wool from the belly was considerably richer in suint (mean 
value 35*4 per cent). The grease content was found to be more variable 
over the back and flanks and significantly lower in the belly wool. The 
results of the present investigation show that in Welsh sheep the suint 
content varies in a random way over the back, while on the flanks and 
breast the wool contains significantly larger amounts. This difference 
may be partly due to the leaching effect of rain; the back is the most 
exposed region and the water-soluble material probably tends to be 
washed from the back to the flanks. With regard to the grease content, 
the distribution appears to be fairly uniform except that the breast wool 
(rich in suint) was found to contain less grease than wool from the back 
and flanks. In addition to suint and grease, pH determinations were 
carried out on water extracts. It was thought that this value might 
prove an indication of susceptibility since blow-fly attack is usually 
associated with bacterial activity. The results showed that the pH values 
run parallel with the suint content of the wool; although the correlation 
is not statistically significant, nevertheless a high pH value is always 
associated with a high suint content and vice versa. In ewes, the reaction 
was found to be approximately neutral over the back and alkaline on 
the flanks and breast ; in fat lambs the pH values tend to be more alkaline. 
The present investigation has been mainly concerned with the distribu- 
tion of yolk over the body, but some analyses have been made of different 
parts of the staple. Any abnormal condition in the fleece is likely to 
affect the distribution of the yolk along the staple; further investigations 
are, therefore, being made on this Subject. 

The distribution of suint over the fleece requires furtiier discussion 
in view of the theory of Holdaway k Mulheam(8) that a high suint 
content indicates susceptibilcty to blow-fly strike. The present results do 
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not support this h 3 rpothesi 8 as the suint content of the wool proved to 
be restively low on the susceptible region (back) and high on non- 
susceptible regions (breast and flanks). In this country (2), the back and 
especially the shoulder region are common sites of maggot infestation, 
the breast and flanks seldom being affected. In the present work, no 
difference in suint content was observed between the shoulder region 
and other parts of the back. In Australia, Holdaway & Mulheam ob- 
served that body strike on Merinos is particularly common on the shoulder 
(withers). Bonsma & Starke (i) found no difference in suint content 
between the shoulders and the rest of the back in Merinos. There is no 
correlation, therefore, between the liability of certain parts of the body 
to blow-fly attack and the suint content of the fleece. Other factors must 
be respoftfiible for the regional distribution of susceptibility. However, 
examination of the full analyses shows that there is considerable indi- 
vidual variation from sheep to sheep in the suint content of the wooL 
It is possible, therefore, that sheep with a large amount of suint in the 
fleece are more susceptible. The results obtained with wool from the same 
region on struck and unstruck sheep (Table VIII) are too few to admit 
of definite conclusions being drawn; also the samples were collected 
shortly after dipping. Nevertheless, they show that strike can occur on 
the back when the suint content is extremely low. 

The conclusion of Holdaway & Mulheam (3) that suint content is an 
index of susceptibility depended partly on indirect evidence and is open 
to serious criticism in that they carried out no suint analyses to sub- 
stantiate their hypothesis. The following quotation from Holdaway <k 
Mulhearn’s paper shows how they arrived at this conclusion: 

“(1) We have shown that there is. a relation between yolk colour 
and susceptibility to weather stain and body strike: susceptibility in- 
creases with increase in intensity of yolk colour. 

‘*(2) We have produced evidence for considering yellow yolk to be 
identical with golden coloration of Rimington and Stewart. 

‘‘(3) On the evidence of Rimington and Stewart, confirmed by 
Sutton, yolk colour is an index of sweat content. 

“We must conclude, therefore, that sweat content is an index of 
susceptibility.” 

The work of Rimington & Stewart (4) mainly concerned the chemical 
nature of the pigment responsible for golden coloration. They gave 
analyses of nine wool samples, together with a brief description of their 
appearance, and observed “a correspondence between depth of colora- 
tion and amount of suint’’. This evidence led Rimington Sc Stewart to 

Ann. Biol, xxm 56 
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suspect that the pigment originates in the sweat; this is not a sufficient 
basis for Holdaway & Mulhearn*s assumption that yolk colour can be 
used to measure sweat content. Sutton ( 5 ) investigated the changes in 
the wool yolk of forty sheep over a period of 4 months. At the time of 
the last sampling, "'each fleece was carefully examined for various 
characters, including the appearance of the yolk”. Sutton observed 
"a strong positive relationship between the intensity of the colour of 
the yolk and the content of water-soluble matter”, and noted that this 
result agreed with Rimington & Stewart’s conclusion, that the pigment 
is present in the suint. This observation was an incidental part of the 
work and Sutton did not apparently attempt to estimate the yolk colour 
on a numerical basis, as Holdaway & Mulheam did in their investigation. 
Consequently, there is no evidence that yolk colour is quantitatively 
related to suint content. It appears, therefore, that without further work 
the colour of the yolk cannot be regarded as a reliable measure of the 
amoimt of suint. Since the evidence for this step in Holdaway & 
Mulheam’s argument is not altogether convincing, their final conclusion 
as to the role of sweat, although inherently probable, cannot be regarded 
as definitely proved. 

In correlating predisposition to weather stain and strike with yolk 
colour, Holdaway & Mulheam have nevertheless made a valuable ad- 
vance in our knowledge of susceptibility. In this country, strike on the 
back seems to be often associated with abnormal colorations of the fleece 
and field observations are being continued on this point. It is doubtful 
whether the discolorations observed by us are identical with the weather 
stailiMescribed by Australian workers in Merinos. Much confusion still 
exists as to the nature and interrelation of abnormal conditions in the 
fleece such as weather stain, golden coloration, canary stain, dead yolk, 
etc. This subject merits further investigation owing to its importance 
in relation to wool quality and blow-fly attack. For a better under- 
standing of these abnormalities, more information is required on the 
physiology of yolk secretion and the physical chemistry of the fleece 
under normal conditions. 


SUMMABY 

1. An investigation has been made of the distribution of yolk over 
the fleece of Welsh sheep. 

2. The suint content of the wool is relatively low on the back and 
high on the flanks and breast. The distribution of suint over the back 
appears to vary in a random way. 
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3. The pR of water extracts generally runs parallel with the suint 
content of the wool, although the correlation is not mathematically 
significant. The reaction is approximately neutral on the back and 
alkaline on the flanks and breast. 

4. The grease content is fairly uniform over the back and flanks, but 
the wool on the breast contains relatively less grease. 

5. These results are discussed in relation to Holdaway and Mulheam’s 
theory that sweat content is an index of 8uscej)tibility to blow-fly attack. 

I am indebted to the Agricultural Research Council for a grant which 
has entirely financed this work. I wish to express my appreciation to 
Dr W. M. Davies for assistance in the field observations and collection 
of the wool samples. 


REFERENCES 

(1) Bonsma, F. N. & Stabkk, J. S. (1934). Wool fat and suint in Merino sheep. 

Distribution over the body and the effects of nutrition and season thereon. 
8. Agric. J. Sci, xxxi, 371. 

(2) Davt»8, W. M. & Hobson, R. P. (1936). Sheep blow-fly investigations. I. The 

relationship of humidity to blow-fly attack. Ann. ap^l. Biol, xxn, 279. 

(3) Holdaway, F. G. & Mulhbarn, C. V. (1934). Field observations on weather 

stain and blow-fly strike of sheep with special reference to body strike. Rep. 
Coun. sci. industr. Res. Aust. No. 48, pp. 1-36. 

(4) RofiNOTON, C. & Stewart, A, M. (1932). A pigment present in the sweat and 

urine of certain sheep. Its isolation properties and relationship to bilirubin 
and the metabolism of haemoglobin generally. Proc, roy. Soc. B, cx, 75. 

(5) Sutton, W. G. (1933). Some studies of the yolk in New 2^ealand wools. 

11. A study of yolk in the fleece during one year. J. Tea^. Inst,, lAbichr. 
XXIV, 341. 


{Received 16 February 1936) 


66-2 



862 


A NEW APPARATUS FOR SEPARATING INSECTS 
AND OTHER ARTHROPODS FROM THE SOIL 

By W. R. S. LADELL, F.LC., F.R.E.S. 

Entomology Department, Rothamsted Experimental Station 

(With Plate XXXIX and 2 Text-figures) 

CONTENTS 

PAoa 


1. Review of methods previously used 862 

(1) Volimtary movement of fauna from the soil . . 868 

(2) Separation of fauna from the soil by sieving . . 863 

(3) Separation of fauna from the soil by flotation in water 865 

n. Description of new method 865 

(1) Preliminary trials 866 

(2) Principle of the method . 866 

(3) Description of the apparatus 867 

(4) Technique 873 

III. Results emd comparison with other methods 875 

IV. Summary 877 

V. Acknowledgements 878 

References 878 

Explanation of Plate XXXIX 879 


L Review op methods previously used 

In tto& course of some investigations now being carried on at Rothamsted 
on the action of soil fumigants, the ability to determine rapidly the 
density and nature of the soil population became essential. A scrutiny 
of the literature (1> 2, 3, 4, 9, 10, 12 and 13) showed that in all investiga- 
tions on the insect fauna of the soil their quick separation, alive and 
undamaged, was a matter of great difficulty and there was no method 
that would quite meet our requirements. 

The original primitive procedure was to crumble the soil by hand 
and examine it in small quantities after spreading it out on sheets of 
paper. With a soil containing much clay it is impossible to get it in a 
condition friable enough to crumble, without losing many of the smaller 
insects such as CoUembola, and dipterous larvae, both on account of 
their activity in escaping and by their death on dr 3 ning. As a result there 
is little doubt that the niunbers recorded are considerably lower than 
the truth. 
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The various improvements on this primitive method may be placed 
in three main classes: 

(1) Voluntary movement of fauna from the soil. 

(a) Attraction to warmth. 

(5) Attraction to warmth aided by repulsion from light. 

(2) Separation of fauna from the soil by sieving. 

(a) Straight sieving of soil in a semi-dry condition. 

(6) Washing the soil through sieves with or without shaking. 

(3) Separation of fauna from the soil by flotation in water. 

(а) Without preliminary sieving. 

(б) On the residue after washing the soil through sieves. 

(1) Voluntary movement of fauna from the soil 

(a) Attraction to warmth. 

Berlese (30) in 1 906 devised an interesting piece of apparatus for collecting 
minute insects from the soil, moss and similar materials. The apparatus 
consists of a double-walled metal funnel with a fine-mesh sieve across 
the top and a tube leading to a small bottle at the bottom. The space 
between the two walls of the funnel is nearly filled with water which is 
kept warm. The material to be examined is spread out on the sieve, 
when the animals in it move downward through the sieve towards the 
warmth and away from the light into the bottle. 

According to Williams (19) the greater part of the catch will come 
through in the first 24 hours. 

(b) Attraction to warmth aided by repulsion from light. 

Trag&rdh(i7, 18) made experiments with a modification of the Berlese 
funnel as improved by Tullgren in 1917. The soil or other material on 
the sieve was illuminated and heated from above by an electric lamp. 
The action of the lamp was twofold; one direct, resulting in the rapid 
movement downward of those animals that react negatively towards 
the light; and the more slow indirect action of the light and heat, causing 
a drying out of the upper layers of the material resulting in a movement 
of the fauna to the damper lower layers. 

(2) Separation of fauna from the soil by sieving 
(a) Straight sieving of dry soil. 

Lane (8) in 1928, in order to facilitate the investigation of subterranean 
insects, particularly wireworms, used a soil sifting machine. The semi-dry 
soil was passed through screens with meshes of mcreasing fineness. He 
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found that a screen of 12 meshes to the linear inch was suflBioient to retain 
bigger larvae; while the smaller larvae and eggs of most of the injurious 
Elateridae indigenous to the North-West Pac^c area of the United States 
could be separated from the soil by a 40-mesh screen. 

(6) Washing the soil through sieves with or without shaking, 

A most important step forward was made by Morris (ii) when he 
introduced a method whereby the soil insects and other arthropods were 
separated by washing and stirring the soil with a strong stream of water 
through a series of sieves. The material left on the various sieves was 
then examined separately. This method gave higher numbers for the 
faunal population, but the quantity of soil to be examined on the various 
sieves was still a large fraction of the sample taken. 

Morris’s apparatus comprised an outer case of galvanized iron sup- 
porting three sieves of different mesh, that with the largest mesh being 
on the top, the intermediate size in the middle and the smallest below. 
A lead pipe fitted with a large spray nozzle was clamped to the upper 
edge of the case and was connected at the other end with a water supply; 
there was also an outlet at the bottom of the case. The soil to be examined 
was placed in the upper sieve, the water turned on and the soil thus 
washed out was divided into three lots, the finest particles being carried 
away with the waste water and the insects being retained on the various 
sieves according to their size. 

Using Morris’s method, with a 12-lb. sample of Rothamsted soil the 
wash/ng occupies 50 min. to 1 hour and the subsequent examination 
sevekJi^ days. 

The disadvantages of this method are; 

(1) The long time and labour entailed in picking the insects off the 
sieves and separating them from the sandy residue. 

(2) The insects are badly damaged by the agitation and friction with 
the stones. 

(3) The constant attention required. 

(4) The general uncleanliness of the process which makes it un- 
desirable to work in an ordinary laboratory. 

(5) The impossibility of using the apparatus for the large number 
of samples required by an experiment designed in accordance with 
modem statistical procedure. 

Shirok(i4) tried a modification of Morris’s method for separating eggs 
and young larvae of wireworms. He designed an apparatus consisting 
of a wooden rack to hold a series of sieves of 10-, 30-, 40- and 50-meah, 
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a hoae equipped with an adjustable nozzle, and a small funnel with an 
interchangeable screen bottom for collecting the residue from various 
pans after washing. The 40-me8h screen retained practically all the eggs ; 
while the newly hatched larvae were caught by the SO-mesh screen. 

Thiem(i5) also constructed an interchangeable soil sieve, similar to 
that of Shirck, and used it successfully for separating the pupae of 
Rhagoletis cerasi L. from the soil. It consisted of a tripod supporting a 
funnel over which were placed four close-fitting sieves one above the 
other. Each sieve had an interchangeable" bottom consisting of a brass 
screen disc soldered to the metal ring. 

(3) SejHiration of fauna from the soil by flotation in water 

(а) Flotation without preliminary sieving, 

Daniels ( 5 ) devised a method which proved very satisfactory in North 
Eastern Colorado for obtaining the larvae and pupae of the potato flea 
beetle (Epitrix cucumeris Harris) in potato fields. The larvae and pupae, 
which were too delicate to withstand the ordinary method of sifting and 
washing, were floated to the surface by agitating the soil in shallow 
galvanized pans with water which was subsequently poured through 
brass screens of increasing fineness. The soil was allowed several minutes 
to settle so as to eliminate clogging of the screen with mud when the 
liquid was poured off the sample. The rubbish with the pupae and larvae 
were caught on a 1/20-in. screen, but the majority of the larvae were 
found on the 1/40-in, screen. 

(б) Flotation after sieving, 

Mabyn Thompson ( 15 ) at Aberystwyth after sifting the soil for a pre- 
liminary examination, took small portions and washed them through a 
sieve of about 0*76 mm. mesh, shaking at the same time. The residue 
on the sieve was then stirred with water in a dish and small organisms 
would float on the surface of the water. The water was poured off and 
the process repeated with fresh water until nothing more was found. 
Edwards (6) at Aberystwyth modified Thompson’s procedme by using 
a series of three sieves 3'6 mm., 1*6 mm. and 60 meshes to the linear 
inch respectively. 


II. Desoription op new method 

In view of the inefSciency of the existing methods and their un- 
suitability for modem demands a new system of separation became 
necessary. 
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The problem was attacked in two ways: 

{a) Direct flotation. 

(6) Flotation by making use of the surface relationships of the insects 
and a liquid medium as used in the separation of minerals. 

Only the first method has been developed to a state of efficiency and 
forms the subject of the present paper. 

(1) Preliminary trials 

The density of typical soil insects in various physiological states was 
determined and it was found that in no case was it higher than 1*1, even 
when the insect was contracted. 

The next step was the selection of a liquid of the required density 
which would be non-toxic to the insects when the latter were immersed 
in it for a reasonable period, say 20-30 min. The liquid must be cheap- 
and easily handled, and have no dispersive action on the clay in the soil. 

After sundry trials a solution of magnesium sulphate in water was 
selected; this has the additional advantage of flocculating the clay, but 
some other material may be found to be equally or more suitable. Com- 
mercial calcium chloride can be used, but it precipitates the ‘‘hardness^* 
of the tap water and the clear solution must then be decanted from the 
precipitate after standing. Moreover, it is more impleasant to work with 
than magnesium sulphate. Water alone could be used if only CoUembola, 
mites and other organisms with a low density were required, but in a 
clay soil a complete separation from the mud would not be possible. 

(2) Principle of the method 

The soil is stirred up gently with a solution of magnesium sulphate^ 
(sp. gr. 1*11) in a metal cylinder and a stream of very fine air bubbles is 
passed up through the mixture. The air bubbles help to free the insects 
quickly from the soil and these rise to the top of the liquid in a froth 
mixed with organic debris, most of which, however, is held back by a 
coarse sieve placed just below the surface. The level of the liquid in the 
cylinder is raised by the gradual inflow of magnesium sulphate by gravity 
from a reservoir. 

The top of the cylinder is fitted with a conical head culminating in 
a small rectangular opening. The froth collects in this opening and over- 
flows down a chute into a sedimentation tank full of the magnesium 
sulphate solution. Any soil coming over with the froth is deposited here 
while the froth with its content of soil animals sweeps over the surface 
of the Uquid on to a Buchner funnel fitted with two filter papers, No. 1 
Whatman underneath, and No. 29, a black paper, on top. The liquid is 

^ Approxiioately 25 % solution of the ooimneroi»l oiysUlliied Mlt (Batii fftlU). 
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filWed ofiE and the debris given two quick washings with water. The 
bigger insects can be seen with the naked eye and are picked up with 
forceps but for smaller insects the filter paper must be cut into strips 
and examined under a binocular microscope. The apparatus as at present 
in use will take 7 lb. of soil, but works better with a smaller quantity, 
5-6 lb. Once the soil is added the process of separation is almost auto- 
matic, so it would be possible to have several machines in use at the 
same time or one machine in use while the others were being cleaned. 
The limiting factor is of course the time necessary for the full examina- 
tion of the debris. The quantity of residue to be examined is less than 

I per cent of the original soil, whereas with Morris’s method and its 
modifications the quantity may be from 30 to 60 per cent or more. 

(3) Description of the apparatus 
The apparatus (PI. XXXIX, fig. 1 and Text-fig. 1) consists of: 

(a) A cylinder in which the soil is mixed with the liquid, 

{b) A conical head fitted to the top of the cylinder with a watertight 
connexion. 

(c) A combined stirrer and air bubbler supporting two sieves. 

(d) A stirring mechanism. 

(e) An air pump and (ej) manometer. 

(/) A small electric motor for stirring. 

(^) A soil sedimentation tank. 

(A) A glass reservoir containing the solution. 

(i) A Buchner funnel and (j) filter flask. 

(а) The mixing cylinder (PI. XXXIX, fig. 1, a and Text-fig. 1, a). 

This is made of galvanized sheet iron. It is in. in diameter and 

II in. high; it has a rim 1| in. wide soldered on to the bottom to raise 
it sufficiently to allow clearance for the discharge outlet. This outlet is 
in the form of a “Honey-Gate” (1) and can be purchased from makers 
of bee-keepers’ appliances. The outlet is fitted on the bottom of the 
cylinder and projects through the lower rim. By means of the “ Honey- 
Gate” a quick discharge of the contents of the cylinder is obtained. 

Two handles (2) are soldered opposite each other at right angles to the 
honey gate. In the centre of the bottom inside is soldered a small piece 
of brass plate with a hole to act as a bearing for the lower end of the stirrer. 

(б) The cemical head (PI. XXXIX, fig. 1, b and Text-fig. 1, 6). 

This is made of galvanized sheet iron. A rim in. wide fits over 
the upper rim of the cylinder. The conical portion of the head is 4 in. 
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in height and culminates in a rectangle 2 in. high, 4^ in. long and 3 i 
in width open at the top. 



Text-fig. 1. Diagrammatic representation of the whole apparatus mounted in the 
wooden frame. For explanation of lettering see text. 

Key to numerals used in Text-figs, 1 ar^d 2 

1, discharge outlet of cylinder; 2, handles; 3, rubber ring; 4, central tube of hollow 
stirrer; 6, hexagonal box of stirrer; 6, air tubes; 7, air outlet; 8, brass caps; 9, brass wire; 
10, dip for baffles; 11, rubber stirring baffles; 12, bearing point; 16, threaded collar; 
17, hexagonal nut; 18, brass tube connexion; 19, flanged tube; 20, hexagonal back nut; 
21, brass boss; 22, iron strap; 23, brass pin; 24, crank; 26, connecting arm; 26, bc^e 
plates; 27, chute; 28, lip; 29, over-flow pipe; 30, discharge outlet of tank; 31, handles; 
32, tap funnel. 

The watertight connexion between a and 6 is made thus : the upper 
rim of the cylinder and the rim of the conical head are each covered 
with a wide rubber ring and fixed in position with paint. In addition, 
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there is another ring 3 in. wide (3) over the rubber ring on the rim of the 
cylinder, fixed in position by means of adhesive tape and copper wire. 
The upper half of this is rolled back and when the conical head is placed 
in position the ring is pulled over the rubber on the rim of the conical 
head and makes a perfectly watertight joint. 

Note, An improved mixing cylinder and conical head (PI. XXXIX, 
fig. 2). The cylinder is fitted with a narrow flange in. wide. On this 
flange is fixed a soft rubber washer J in. thick. The conical head is pro- 
vided with a similar flange and rubber washer. Six bolts are fixed to the 
flange on the cylinder and pass through holes in the upper flange. Over 
each bolt is fitted a loose strip of iron 1 in. wide and 3 in. long with a 
hole in the middle. The flanges may then be tightened together to make 
a waterproof joint by means of butterfly nuts. 

The connexion between the conical head and cylinder could be made 
with flanges and hinged bolts such as are used with autoclaves, but in 
that case very much heavier flanges would be required which would add 
considerably to the cost of the apparatus. 

(c) Combined stirrer and air bubbler (PI. XXXIX, fig. 3 and Text-fig. 2, 
(c), (d) and/). 

A brass tube, fin. in diameter and 23^ in. long (4), is screwed at its 
lower end into a hexagonal brass box (5) 2J in. in diameter with faces 
I in. deep. In the centre of each face of the hexagon a brass tube (6) 

in. in diameter is screwed and soldered. These tubes are alternately 
short and long, the short ones projecting If in. and the long ones 2J in. 
from the faces of the box, 

A hole (7) i in, in diameter is bored in the upper surface of each tube 
about f in. from the outer end which is threaded and closed with a small 
brass cap (8). A piece of strong brass wire (9) is inserted through each 
tube half-way between the hole and base of the tube, and soldered in 
position. To the lower portion of each tube is soldered a length of channel 
brass (10) 3 in. long and J in. wide, cut away to clear the brass caps. 
(If the side tubes were threaded internally, brass plugs could be used 
instead of the caps and this cutting away would be unnecessary.) The 
channel brass forms a clip holding narrow pieces of thick rubber (11) 
(3 in. long and f in. wide) which are kept in position by two lengths of 
copper wire or by rivets passing through holes in the brass and rubber. 
The rubber strips form the stirring baffles. A piece of in. brass rod (12), 
I in. long and pointed is screwed into a small hexagonal nut soldered 
on to the centre of the lower surface of the hexagonal box to act as a 
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Text-fig. 2. a, plan of reducing gears and stirring mechanism; elevation of stirring 
mec hanis m connexion ; c, plan of base of stirrer and air bubbler; d, cross-section through 
baae of stirrer* 
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bearing point. After removing the caps, the side tubes are packed tightly 
with cotton wool pressing against the cross-wires, and the caps replaced. 

When air is pumped through the centre tube it passes through these 
cotton-wool pads and emerges as a stream of fine bubbles. Some little 
practice is needed in order to get the packing even in all the six tubes. 

Experiments are being made with sintered glass and with a special 
type of porous stone as a substitute for the cotton wool. 

The sieves (PL XXXIX, fig. 3). The bottom sieve is 8 in. in diameter — 3 
meshes to the linear inch, with a vertical rim IJ in, in height. The 
sieve is fitted with a central collar connected to the rim by means of two 
lengths of iron rod. The collar is bored and threaded to take a butterfly 
screw to fix the sieve in any desired position. The upper sieve is of the 
same mesh as the lower, but slightly smaller in diameter. It is dome- 
shaped with the convex side upwards. It is fitted with a collar and 
butterfly screw so that it can be fixed in a high position, out of the way, 
while the soil is being put into the cylinder. The lower position of the 
sieve is fixed by a fork made of brass with its two prongs pointing 
upwards. The cross bar of the sieve sits in between the prongs when the 
sieve is lowered. This position is such that the top of the sieve is just 
below the top of the cylinder. 

At the top of the central tube a threaded collar (16) is fixed, J in. long 
and f in. in diameter with a hexagonal nut (17) 1 in. in diameter below it. 

(d) The stirring me<^nism (PI. XXXIX, fig, 1, d. Text-fig. 1, d and 
Text-fig. 2, a and 6). 

A brass tube 7^ in. (18) long similar to that used for the central tube 
of (c) is fitted at the lower end with a wide piece of brass tube J in. long 
with a narrow flange (19) at the lower end screwed on and soldered in 
position. A hexagonal back nut (20) is a loose fit over the tube and is 
retained by the flange. This nut is threaded internally to engage with the 
threaded collar ( 1 6) of the stirrer, a lead washer being used to secure an air- 
tight connexion when the two hexagonal nuts are tightened with spanners. 

A brass boss (21) J in. wide is slipped over the tube If in. from the 
top and soldered in position; on this is soldered a piece of iron strip (22) 
f in. thick, 8 in. long and f in. wide rounded at each end. Holes f in. 
in diameter are bored at f m. intervals from the far end and threaded 
to take a brass pin (23) If in. long which extends f in. above the iron 
strip and is held in position by means of a screw washer above and a 
small nut below. The best woridng position is when the pin is in the fifth 
hole from the end. 
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A series of reducing gears from the motor finish up with a crank (24) 
giving a throw of 6^ in. The connexion between the crank and the iron 
strip is made by an arm (25) 9 in. long with a socket at one end with four 
holes at i in, intervals at the other. One of these holes fits over the pin 
in the iron strip and the socket slips over the pin of the crank. 

For most purposes 100-120 revolutions per minute are found to be 
satisfactory with the stirrer moving backwards and forwards through 
an angle of 50°. But these details can be altered in accordance with the 
motor power available and the type of soil being examined. 

(e) The air pump and (e^ rmnorncier (PI. XXXIX, fig. 1, e and Cj, 

Text-fig. 1, e and and Text-fig. 2 (q), e). 

A Marco air pump is used. A pressure of 14-18 cm. of mercury is 
required to drive the air through the cotton-wool. 

(/) Electric motor (PI. XXXIX, fig. 1, /, Text-fig. 1, / and Text-fig. 

2(a),/). 

A motor which develops 1/40 h.p. is used, but a slightly more powerful 
one would be better. 

(^) Soil sedimentation tank (PI. XXXIX, fig. 1, g and Text-fig. 1, g). 

This is made of galvanized iron. It is 17 in. high, 14 in. long and 
6 in. wide. Two baffle plates (26) 9 in. deep are fixed centrally across the 
length of the tank, 1^ in. apart. The chute (27) leading from the conical 
head rests on the surface of the liquid in the tank and the baffle plates 
serve to guide the insects and debris across the tank to the lip (28), 
which extends over the Buchner funnel. 

On the front of the tank 1^ in. from the top a narrow pipe (29) is 
fixed as an overflow to allow the surplus liquid to escape. The top of 
the lip is fixed at a level just above that of the outlet. The discharge 
outlet is in the form of a honey gate (30). The tank is provided with 
two handles (31) one in the front and one at the back. 

(A) The glass reservoir (PL XXXIX, fig. 1, A, Text-fig. 1, A and Text- 

fig. 2 (a). A), 

This is an ordinary aspirator bottle with a capacity of 10 litres. The . 
outlet is filled with a rubber stopper through the centre of which passes 
a glass tube bent at right angles. The lower end of the tube is inserted 
in a rubber stopper in the top of a small tap funnel (32) which provides 
a visible flow i&f the liquid. 
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(i) Buchner funnd and {j) filter flask (PL XXXIX, fig. 1, t and j and 
Text-fig. 1, i and j). 

The funnel is in. in diameter and the filter flAsk has a capacity 
of 2-24 litres. 

The whole apparatus is mounted in a rectangular frame 3 ft. 6 in. x 
2 ft. 9 in. X 12 in. wide, with the stirring mechanism and reservoir above. 
The brass tube (18) of the stirring mechanism passes through a hole in 
the top of the frame, 1 J in. in diameter, which is then closed by two 
semicircular pieces of hard wood flanged to prevent them falling through 
the hole. These act as the upper bearing of the stirrer. 

(4) Technique 

Mr K. D. Baweja who is using the apparatus for his investigations 
on soil insects finds that the following procedure gives the best results, 

A soil sample 3 x 4 x 9 in. is taken with the help of iron plates de- 
signed for the purpose, and put in a bag which is closed and brought to 
the laboratory. It is first of all examined rapidly in an enamelled basin 
and all the macrofauna visible to the naked eye removed. As the soil 
of the Rothamsted Experimental Station is very flinty, some big stones 
which are likely to interfere with the subsequent treatment are separated 
and stirred in a vessel containing magnesium sulphate solution which is 
transferred to the machine during the course of the operation. 

The soil after preliminary examination is poured on to the bottom 
sieve of the stirrer resting in the cylinder, the sieve being fixed some 
4 in. above the brass box. The top sieve is then let down to its proper 
position and the cylinder closed with the conical head. It is now trans- 
ferred to the wooden frame, connected with the air pump, and the chute 
of the conical head directed into the sedimentation tank so that the end 
of the chute is just touching the surface of the liquid. Sufficient quantity 
of the solution, including that from the large stones mentioned above is 
poured into the cylinder so as to bring its level just below the rectangular 
opening of the conical head. The air pump is then started and continued 
for 3-6 min. This helps to extricate the animals not embedded in the 
soil and cause them to float at once. The stirrer is now started by 
switching on the electric current. Uniform churning of the soil is main- 
tained from 5 to 10 min. continuously or at repeated intervals of 3-4 min. 
In the process of stirring, debris along with the soil fauna starts rising up. 
If all the debris floats at once there is no need to work the stirrer again, 
but if it is found to take some time, as it frequently does, stirring is 
repeated once or twice as necessary. Soon after starting stirring, the 
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Bolution is let into the cylinder from the reservoir and its flow regulated 
to about 460 c,c. per min. As the level of the solution rises all the 
floating material passes into the sedimentation tank. The latter is pro- 
vided with a small pipe IJin. below the top edge connected with 
rubber tubing on the front side to drain off the excess of liquid. When 
no more debris is seen to rise, the air pump is stopped and the pipe 
closed. With the continuous discharge of the solution from thq cylinder 
the level of the solution in the sedimentation tank soon begins to rise 
and the liquid starts floating down into the Buchner funnel. This is fitted 
with a white filter paper with a black one above. As the muddy solution 
from the cylinder passes over the sedimentation tank, the mud settles 
down and by the time the liquid reaches the funnel it has become nearly 
clear. Froth, grass blades, etc., stick to the sides of the conical head of 
the cylinder and the sedimentation tank and require brushing or sweeping 
with a rubber spatula. If the whole process is manipulated carefully 
very little solution is received in the funnel and this is conveniently 
filtered in a short time with the help of the suction pump. The residue 
left in the filter paper is washed rapidly with a small quantity of distilled 
or tap water and examined with a magnifying glass to remove the bigger 
organisms. The filter paper is then transferred to a glass dish and 
examined under a binocular microscope in strips for the more minute 
fauna. The whole process from taking the soil sample to the examination 
of residue takes from 30 to 40 min. 

If churning is carried out too long, the more delicate organisms, such 
as aphides and thrips, are damaged; the amount of stirring is therefore 
according to experience. 

The solution in the cylinder is drained out from the discharge outlet 
at the bottom and poured over a sieve (1*6 mm. mesh) into a bucket 
as a check to ensure the capture of larger worms that might have been 
missed in the preliminary examination or failed to float. But out of the 
observations made so far with the machine not a single specimen has 
thus been found. 

The weight of the sample taken depends upon the moisture content 
of the soil. If the weather is dry it weighs from 6J to 6^ lb., but if it 
is wet the weight increases to 7 and occasionally 7} lb. The apparatus 
has been dealing efficiently with the whole amount of the samples in 
regulated one treatment. 

The total volume of liquid required for the apparatus is 47 litres: 

Reservoir 10 litres 

Cylinder and head 16 „ 

Tank 22 „ 
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The solution may be used over and over again after standing to 
allow the soil to deposit. The loss is about 5 per cent per operation. 
Before using the solution again it must be tested with a hydrometer 
and if necessary brought up to strength by the addition of more mag- 
nesium sulphate. 

III. Results and comparison with other methods 

Preliminary exj^pjpjents made by the writer showed that the number 
of insects and other animals obtained from soil with the apparatus was 
always much higher than that found by Morris’s method. 

Table I 

Bubbling and mechanical stirring as compared with hand stirring — 
both in Mg 804 solution 


Numbers of soil animals 


Ladell’g machine 

Stirring by hand 

Differeno 

Other 

In- inverte- 

Other 

In- inverte- 

Other 
In- inverte- 


Series 

Type of soil 

sects brates 

Total 

sects 

brates 

Total 

sects 

brates 

Total 

No. 

examined 

(a) (b) 

(^) 

id) 

{^) 

(/) 

(a-^) 

(M 

W) 

1 

Allotment fallow 

104 19 

123 

48 

7 

55 

56 

12 

68 

2 

Grassy plot 

90 27 

123 

92 

0 

98 

4 

21 

25 

3 

Grassy plot 

03 17 

80 

52 

11 

63 

11 

6 

17 



Dimension of soil sample »3 x4 x9 in, 





Table II 

Accuracy of determination on duplicate samples 

Numbers of soil animals 


Ist half soil sample 2nd half soil sample 

(a ) j b) 


Series 

No. 

Type of soil 
examined 

Insects 

Other 

inverte- 

brates 

Total 

Insects 

Other 

inverte- 

brates 

Total 

Ratio of 

U) 

1 

Allotment (grass 2 years) 
Allotment fallow 

111 

29 

140 

120 

31 

151 

481 : 61-9 

2 

40 

13 

53 

43 

12 

55 

49-1 : 50*9 


Dimension of soil sample »3 x4 x9 in. 

Since October 1935 the machine has been used by Mr K. D. Baweja 
and before adopting it for routine work he submitted it to some tests 
which are summarized below. Table I shows the importance of the air 
bubbles in separating the fauna from the soil particles. In three trials 
with bubbles, 123, 123 and 80 individuals were found; without bubbles, 
65, 98 and 63. Table II shows the accuracy of the determinations on 
dupUShte samples. Each soil sample was thoroughly mixed and divided 
Ann. Biol, xnn 67 



Table III. Soil populations as determined by vari 
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into two portions which were treated "separately in the machine. The 
agreement between the two halves is remarkable. In one, 48*1 per cent 
of the fauna was found in one half and 51*9 per cent in the other; in 
the second sample, 49*1 per cent was found in one half and 50-9 per cent 
in the other. Table III shows the total animal population as determined 
by various methods on different types of soil. The figures are not fully 
comparable but they do show that by the use of the new apparatus very 
high figures are obtained. Table IV details, the insect populations found 
by the present method, in comparison with Morris’s figures obtained 
with Rothamsted soils. Morris found 7*73 million insects per acre on 
the dunged plots on Broadbalk. Mr Baweja’s two observations are 
85-7 million on a warm moist day in February and 32*9 million on a day 
in the same month when the soil was frozen hard. These observations 
on Broadbalk will be continued throughout the year in order to obtain 
a fuller and more accurate comparison. The average of ten observations 
(from October to February) on the fallow allotments gives a figure of 
47*9 million insects and on the plots that had been grass covered for 
2 years 95*6 million insects per acre. 

These figures are sufficient to indicate the high efficiency of the 
apparatus described in this paper. 

IV. Summary 

1. The published methods for the separation of insects and other 
animals from the soil are briefly described. 

2. None of these methods being sufficiently rapid or efficient for 
soil fumigation investigations, a new method has been devised. 

3. The principle of the method is flotation by a dense liquid (a solu- 
tion of magnesium sulphate sp. gr. 1*11) aided by stirring of the soil 
and a stream of fine air bubbles passing from the bottom upwards 
through the mixture of soil and solution. This produces a froth which 
contains all the animals, and by raising the level of the liquid in the 
cylinder the froth is swept over into a tank filled with magnesium sul- 
phate solution; here is deposited any soil that has been carried over. 
The clear solution is then passed on to a Buchner funnel where, the insects 
and other animals are retained. A black filter paper is used in order to 
show up Collembola and other colourless organisms. 

4. The apparatus has many advantages : 

(a) Rapidity, The separation taking 30-40 min. from taking the soil 
sample of 6-7 lb. weight. 
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(6) Cleanliness. The operation can be carried out in an ordinary 
laboratory. 

(c) Efficiency. All the organisms are concentrated in a small volume 
of residue, less than 1 per cent of the original soil, and are undamaged. 

{d) Non'toxicity. The great majority of the insects come through 
alive, so that eggs and larvae may be bred out for purposes of identifi- 
cation. 

6. A full account is given of the technique employed. The solution 
may be used again and again as the clay settles very quickly and the 
clear liquid may be syphoned or poured off. 

6. Very high figures have been obtained for the soil population. 
These are much in excess of those recorded by most other workers with 
agricultural soils; for example, from fallow land 60*6 million animals 
per acre were recorded and from new grass land, 121*4 million per acre.^ 
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EXPLANATION OF PLATE XXXIX 

Fig. 1. Ceneral view of the apparatus, o, mixing cylinder; 6, conical head; d, stirring 
mechanism; e, air pump; «i, manometer; /, electric motor; g, soil sedimentation tank; 
h, glass reservoir for solution; i, Buchner funnel; j, filter fiask. 

Pig, 2. Improved cylinder with conical head. The watertight joint being made by two 
flanges with rubber washers in between. The central tube of the stirrer and air bubbler 
is seen above the rectangular opening of the head of the cylinder. 

Fig. 3. The stirrer and air bubbler. Showing the sieves and brass box with air tubes and 
stirring baffles. The two spanners are for use on the hexagonal nuts, one on the central 
tube and the other on the tube of the stirring mechanism. 
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Introduction 

In previouB work reported in the first paper of this series (lO) an examina- 
tion was made of the chemical and insecticidal properties of two species 
of derris root at present in extensive use as insecticides, namely Derris 
elliptica and D. malaccensis. In this investigation, certain chemical 
factors were determined, and these in turn were then correlated with 
the insecticidal potencies of the roots to Aphis runvicis. 
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Of the limited number of samples examined, those of Derris eUiptica 
were found to have a higher proportion of rotenone to total ether extract 
than was the case with the specimens of D. malaccensis, and Georgi & 
Teik in Malaya, working with roots of similar origin and kind, have also 
referred to this fact ( 3 ). From the analysis of twelve samples of derris 
from the Dutch East Indies, Spoon ( 7 ) found that those of D. rmlaccensis 
gave high ether extract but low rotenone, while the D. eUiptica roots, 
showing less ether extract, were relatively richer in rotenone. It does 
not, however, seem possible to distinguish with certainty between roots 
of D. malaccensis and D. eUiptica^ by a consideration only of the relative 
proportions of rotenone to ether extract, since exceptional roots have 
been recorded. Thus Koolhaas (6) reports that a sample of Z>. malaccensis 
was found to contain 4*3-4*6 per cent of rotenolie, amounting to 31-36 
per cent of the total ether extract of the root, figures that may be 
thought to be more indicative of D. eUiptica, More work is needed upon 
the relative proportions of rotenone to ether extract in authentic speci- 
mens of the two species before a general rule can be established. 

A variety of derris is now in use, which although toxic, yields no 
rotenone by the normal method of separation of the rotenone-carbon 
tetrachloride complex. To such a root the name “Sumatra-type’’ has 
been given by Cahn & Boam(i) who show that rotenone is present in a 
“hidden” form, and may be induced to separate by the addition of an 
excess of the pure compound. It is a matter of some importance to 
characterize this type of root with greater precision in order to determine 
whether it approximates in chemical and physical properties to the more 
commonly known varieties of D, eUiptica or D, malaccensis, or whether 
it is likely to prove to be a new species. In addition it is desirable that 
a suitable method of chemical evaluation, appbcable to all types of 
derris, should be available in order to ascertain the degree of variation 
in the insecticidal efficiency of these roots due to cultivation or to 
varying climatic conditions. 

We have shown {loc. cit,), in comparisons of D, eUiptica with D, malac- 
censis, that neither the rotenone nor the ether extract could be relied 
upon to give a correct measure of the relative insecticidal activities of 
the roots, but that the determination of the mixed dehydro compounds, 
or of rotenone plus the dehydro compounds determined on the residual 
rotenone-free resins, gave a better assessment. In the present work we 
have compared, both chemically and biologically, a “Sumatra-type” 
root with samples of D. eUiptica and D, malaccensis in order to ascertain 
to what extent the determination of the dehydro compounds, or of other 
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chemical factors, will correctly evaluate the toadoity of the “Sumatra- 
type^* root relative to the other two species examined. 

Expxbimxntal 

The “Sumatra-type** root (our No. W 170) was one kindly sent to 
us by the Cooper Technical Bureau, while the samples of D, eUiptioa and 
Z>. malaccensis used were two samples remaining from the tests carried 
out during the previous year, and reported upon in the first part of the 
present series. They were D. eUiptica var. Sarawak creeping (our No. 
W 149) and D, malaccensis var. Sarawak erect (our No. W 161). The 
samples were all in the finely ground condition. The “Sumatra-type** 
root showed a crude rotenone content, determined by the “hidden** 
rotenone technique of Cahn & Boam (Joe. cit.) of 1*96 per cent, this 
figure being reduced to 0*54 per cent of purified rotenone on trituration 
of the complex with alcohol saturated with rotenone. The D. eUiptica 

Table I 

The rotenone contents of "'Sumatra-type'* root (W 170), 

D. malaccensis (W 161) and D. elliptica (W 149) 

% of fireeh root 



Date of 


Rotenone Rotenone 

Sample 

analysis 


(crude) 

(purified) 

“Sumatra-type” 

W170 

Oct. 1935 

Ether, CCI 4 , Cahn & Beam's 
“hidden” rotenone 

201 

— 


Feb. 1936 

Ether, OOI 4 , Cahn A Beam's 
“hidden” rotenone, reorystalli- 
aation from CCI 4 

207 

0*47 


Mar. 1936 

Ether, CCI 4 , Cahn A Boam's 
“hidden” rotenone, Cahn A 
Boam’s trituration 

1-96 

0*64 

D. malaccenaU 
Sarawak erect 

Apr. 1933 

Ether, CCI 4 , reorystallization from 
alcohol 

2-54 

1-83 

W151 

Oct. 1936 

Ether, OCI 4 , Cahn A Boam’s 
“hidden’* rotenone, recrystalli- 
zation from alcohol 

2-70 

1*81 


Feb. 1936 

Ether, COI 4 , recrystallization from 
CCI 4 

Ether, 0034, Cahn A Boam’s 
frituration 

3 13 

1-87 


Mar. 1936 

2-84 

1*93 

Z). eUipiica 

Sarawak creepng 

Apr. 1933 

Ether, CGI 4 , recrystallization from 
alcohol 

6*08 

3*83 

(W 149) 

Oct. 1936 

Ether, OC 34 , Cahn A Boam's 
“hidden” rotenone, reoiystaDi- 
zation from alcohol 

6*07 

406 


Feb. 1936 

Ether, OCL, recrystallization from 
OCI 4 

6*26 

4*07 


Id the reoiTstallization of the oomplex, allowance was made in each case for the 
■olnbility of rotenone in ib» eolvent need. 
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gave figures of 5*08 per cent of crude, and 3'83 per cent of recrystallized 
rotenone, while the D. malaccensis figures were 2-64 and 1-83 per cent 
(Table I). It is of interest to note that there was no significant falling 
off in the rotenone contents of samples W 149 and W 161 on keeping 
the finely ground powders from April 1933 until March 1936 in tins at 
room temperatures in the region of 20*^0. (see Table I). 

Insecticide tests 

Biological trials using the three samples were carried out during the 
summer of 1936. Trouble was experienced in the early part of the sumnaer 
by the incidence of disease in the stock of insects. Later, however, this 
was satisfactorily eliminated, but the number of biological trials it was 
possible to carry out was considerably reduced. The “Sumatra-type’’ 
root was compared alternately with the D, eUiptica root W 149 and 
with the Z). malaccensis root W 161. A weighed portion of each root 
was extracted with ether, the dried resin dissolved in alcohol, and a 
series of dilutions with 0-6 per cent saponin solution prepared. The 
alcohol content of each solution tested was adjusted to 6 per cent by 
volume, and the apparatus used was that previously described ( 9 ). Adult 
apterous females of Aphis rumicis were used as test subjects, and com- 
parisons only made between tests carried out on the same day. As in 
the previous work (loc. dl,), we have taken the percentages of badly 
affected, moribund and dead insects (B, M, and D per cent) observed 
on the second day’s examination as indicating the toxic effects. The 
concentrations employed, expressed as mg. of root per litre, with the 
observed mortalities, are given in Table II and are plotted against the 
probit values in Figs. 1 and 2. The comparison of the “Sumatra-type” 
root with D. eUiptica W 149 was made on 31 July, and the comparison 
with the D. malaccensis W 161 root on 12 August 1936. In the com- 
parison of the “Sumatra-type” root with W 149, the former gave 60 per 
cent of badly paralysed and dead insects at a concentration equivalent 
to 686 mg., and the D. eUiptica W 149 at a concentration equivalent to 
238 mg. root per litre of spray fluid. In the later comparison of the 
“ Sumatra-type ” root with D, malaccensis^ the concentrations giving 
60 per cent “mortality” were equivalent to 763 and 338 mg. of root per 
litre respectively. The test insects used thus show a greater resistance 
in the later than in the earlier trials. In Table II, columns 2-8, are given 
the concentrations tested expressed in terms of various chemical deter- 
minations, to which detailed reference will be made later (pp. 886-893). 
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Comparison of toxicities of “Sumatra-type” root W 170 and D. elliptica W 149 
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Log oonoentrations (mg. per litre) 

Fig. 2. Log concentrations in terms of different chemical values plotted against probits of 
badly paralysed insects (B, M and D per cwit). O “Sumatra-type” root W 170, 
^ D, tnaiaoceKne W 151. 
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Chemioal examination of the roots 

Rotenone. In the determinations of the rotenone content of the 
“Sumatra-type*' root the “hidden” rotenone method outlined by Cahn 
A Boam {loc, cit,) has been used, following failure to induce crystalluMktion 
on dissolving in carbon tetrachloride the resin extracted from the root 
by ether. In the trituration of the product it was found preferable to 
filter at 0°C., using alcohol saturated with rotenone at this temperature. 
The purification of the complex resulted in a much reduced figure, the 
crude product appearing to be contaminated by resin. Eeference to 
Table II and Figs. 1 and 2 shows that the estimation of purified rotenone 
does not give a correct assessment of the relative insecticidal efficiencies. 

Ether extract. The determination of the ether extract was made by 
extracting 6 g. of root with anhydrous ether, the resin being dried to 
constant weight in an electric oven kept at 100® C. On the resin so 
obtained, the percentage of methoxyl content was determined by the 
method of Clark (2), and from it that of the root calculated. The ether 
extract or methoxyl figures (Table III) clearly do not assess the activities 
of the roots. 

Table III 

Analytical data for Sumatra-type'* root W 170, 

D. malaccensis W 161 and D. elliptica W 149 


% of fresh root 

A 



** Sumatra* 





Z>. makiccenais 
W161 

D, elliptica 
W 149 

Moisture 

6-70 

6-48 

6-42 

Rotenone (crude) 

1-96 

2*54 

6-08 

Rotenone (purifi^) 

0-54 

1 88 

3-83 

Ether extract 

1S33 

18-56 

17-50 

Methoxyl (on ether extract) 

2>48 

2-64 

2-60 

Benzene extract 

1902 

19-42 

17-94 

Methoxyl (on benzene extract) 

2*51 

2-70 

2-61 

Total dehydro compounds 

816 

7-90 

10-75 


Dehydro compounds. The dehydro compounds were determined on 
the resin extracted by ether from 25 g. of the “Sumatra-type” root by 
the modification of the rnetlmd of Takei et aZ.(8) given in paragraph 2 
on p. 687 of our previous communication (loc. c/U,), The mixed dehydro 
product was equivalent to 8-16 per cent of the root, and melted at 201®C. 
This is of the same order as the yield of the mixed dehydro compounds 
obtained by the same method from the resin of D, mcdaocensis W 161 
(7*90 per .cent). From biological trials, however, the Z). maiaeoensia was 
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seen to be approximately twice as toxic as the “Sumatra-type” root. 
Thus it is evident that in the comparison of these two roots the deter- 
mination of the dehydro compounds is inadequate as a means of ob- 
taining the relative activities, the “Sumatra-type” being overvalued by 
this means with respect to the D, rmlaccensis. The results of the analyses 
are given in Table III. 

Treatment of the resins with dilute alkali, and the determination 
of dehydro compounds on the resulting fractions 

It was decided at this stage to carry out a fractionation of the resins 
by means of dilute alkali, in order to determine to what extent the 
presence of toxicarol in the resin influenced the figure for the mixed 
dehydro compounds obtained. The use of dilute aqueous alkali in re- 
moving the toxicarol fraction of the resin has been suggested by Haller 
& La Forge ( 4 ) and utilized by Jones et al, ( 5 ) in their work on the chemical 
evaluation of derris. In the first fractionations carried out, portions of 
50 g. each of the “Sumatra-type”, D. malaccensis and D. dliptica roots 
were extracted with ether, and with the latter two the ether was re- 
moved and the residue taken up with carbon tetrachloride as in the 
normal rotenone determination. The rotenone separating was filtered, 
and recrystallized from alcohol, the alcoholic mother liquors being re- 
tained. From the carbon tetrachloride solutions the solvent was removed 
as completely as possible in va^cuo, and the residues dissolved in ether. 
The ether solutions of the resins from each root were extracted three 
times in a separating funnel with 50 c.c. of 5 per cent aqueous potash 
solution. The alkaline extracts were combined, washed with ether, the 
ether layers separated and added to the main ether solution. After 
washing with water, the ether was distilled and the resins dissolved in 
absolute alcohol, the alcoholic filtrates from the earlier rotenone re- 
crystallizations being incorporated at this point. The yields of dehydro 
compounds from the ether-soluble resins were then determined. 

In the case of the “Sumatra-type” root, the alkali treatment of the 
ether solution of the resin resulted in the production of a copious yellow 
precipitate, and this also appeared in the alkaline extract of the D, mciUiC' 
censis resin. The extract of the D, dliptica resin, however, showed no 
precipitate, the alkaline layer appearing brown-red in colour. The pre- 
cipitates were filtered, washed, and taken up in ether after treatment 
with dilute hydrochloric acid. The clear brown solutions after removal 
of the yellow precipitates and the alkali extract of the D. eUiptica resin 
were also acidified, and the freed resins taken up in ether. The solvent 
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was removed in each case amd the residue, after solution in alcohol, 
subjected to the dehydro process as outlined. The determinations on the 
potash-soluble fractions were unsatisfactory, mixed resinous products 
resulting. The yields of the dehydro compounds from the ether-soluble 
resins and from the resins recovered from the yellow precipitates, ex- 
pressed as percentages of the fresh root, are given in Table IV. In 
addition, the percentage recoveries of dehydro compounds from the 
weights of resins actually submitted to the dehydro process are given 
in brackets. 


Table IV 

Dehydro compounds determined on fractions of resins 
following alkali treatment in ether solution 
“Sumatra- 




D. mt^acceiuis 
W 161 

A 

D. eUipHca 
W 149 


%of 

% of 

%of 

%0f 

%0f 

%of 


root 

resin 

root 

resin 

root 

resin 

Dehydro compounds on total ether 

816 

(44-6) 

7-90 

(42-6) 

10-76 

(61-4) 

extract 

Recrystallized rotenone removed 

— 

— 

1-64 

— 

4-36 

— 

Dehydro compounds on resin soluble 

1*66 

(43-3) 

5*01 

(64-6) 

6-12 

(68-6) 

in ether after potash extraction 

Dehydro comik>unds on resin from 

3-68 

(33*2) 

1-73 

(48-0) 

— 

— 

yellow precipitate extracted by potash 


In the case of the ‘"Sumatra-type” root, the yield of the dehydro 
compounds determined on the resin soluble in ether after the potash 
treatment, amounted to 1-56 per cent of the root, and presumably re- 
sulted from the rotenone and deguelin present. By reference to the 
methoxyl figures given in Table V, the resin soluble in ether after potash 
treatment in the case of the “ Sumatra- type ” root was less rich in “ toxic ” 
material than were the corresponding resins from the other two roots, 
but even so the recovery of dehydro compounds from it (43 per cent) 
was unduly low. 

With the Z). rmlaccensis and the D. elliptica, the combined figures 
for the separated rotenone and the dehydro compounds determined on 
the ether-soluble resins after the removal of toxicarol, amounted to 6*66 
and 10*48 per cent of the roots respectively. The method of determination 
of the dehydro derivatives of the active principles is not a quantitative 
one, particularly so in the case of the “toxicarol” resin, where a yield of 
somewhat less than 60 per cent is obtained. In addition, the unsuitability 
of the method as a means of assessing the activity of the “ Sumatra-type ” 
root vis-a-vis D, malaccensis and D, eUiptica is clearly demonstrated by 
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Figs. 1 and 2 (sections 2 and 3). In section 2 of each figure, the equivalent 
log concentrations of the dehydro compounds determined on the total 
ether extracts are plotted against the probits of the badly paralysed 
insects. In each case, the lines for the D. malaccensis and D. eUiptica 
roots lie to the left of that for the '‘Sumatra-type” root, indicating that 
the latter, relative to the other two, is less toxic than its dehydro figure 
of 8-16 per cent would lead us to expect, if we assume the dehydro figures 
provide a correct measure of activity. In <fchis case, the dehydro figure 
clearly overestimates the activity of the “Sumatra-type” root. When, 
however, we take the values obtained for the separated rotenone plus 
the dehydro compounds determined on the residual toxicarol-free resins, 
there is a reversal in the positions of the lines, and now the activity of 
the “Sumatra-type” root is undervalued relative to the other two roots. 

Fractionation of the resins in ether solution 

This was carried out using as before 5 per cent aqueous potash solu- 
tion, the amounts of “toxic ” constituents in each fraction being assessed 
by means of methoxyl determinations carried out upon the products 
isolated. With each of the three types of root under consideration, two 
portions of 5 g. were extracted with anhydrous ether, the solvent re- 
moved from one of the duplicate tests, the resin dried to constant weight 
at 100° C., and the methoxyl content determined. The second ether 
solution (60 c.c.) in each case was extracted successively with 10, 5 and 
6 c.c. of 6 per cent aqueous potash, the alkaline extract being washed 
as before with ether. The resins from the precipitates and alkali-soluble 
fractions were recovered by acidification with dilute hydrochloric acid 
and solution in ether. The ether solutions were washed, dried with 
anhydrous sodium sulphate, the solvent removed, and the resins dried 
at 100° C. until of constant weight (Table V). Methoxyl determinations 
were then made upon the fractions obtained, special care being taken 
to ensure that all traces of ether had been removed; small amounts of 
ether were found to be tenaciously retained, it being necessary to heat 
the resins in vacuo in order to remove final traces of solvent. From the 
methoxyl values of the fractions, the contents of active principles of 
each, based in the case of the ether-soluble resins upon the methoxyl 
content of rotenone and deguelin of 16-74 per cent, and in the case of 
the alkali-extracted resins upon the methoxyl content of toxicarol of 
16-12 per cent, were determined. The figures for the “ toxic ” constituents 
of each fraction, expressed as percentages of the fresh root, are given 
in Table VI. 
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Table V 

Fractionation of the resins, in ether solution, 

by means of poUuh solution 

“SumatTft-type” D. malaocetme D, MpUea 
W 170 W 161 W 140 

Total etiier extract 18-33 (13-53) 18-56 (14-13) 17-50 (14-87) 

Resin soluble in ether after 3-93 (12-41) 8-95 (14-48) 14-94 (15-70) 

potash extraction 

Resin extracted and precipi- 6-27 (15-40) 4-16 (14-91) — 

tated by potash 

Resin extracted and soluble 7-19 (11*83) 4-50 (h)-92) 2-30 (6^94) 

in potash 

Figures expressed as percentages of fresh root. Percentage of methoxyl in each 
fraction given m brackets. 

Table VI 


‘‘Toxic” constitibents in each fraction based upon 
the methoxyl contents 



“Sumatra- 





i>. malaccensis 

D. eUipUca 


W151 

W149 

“Rotenone plus de^elin“ (soluble 
in ether afW potaw extraction*) 

3-10 

8-23 

14-90 

“Toxicaror’ equivalent (extract^ 
and preoipitaW by potashf) 
“Toxicarol” equiv^ent (extracted 

6-27 

4-10 

— 

6-63 

3-26 

1-06 

and soluble in potashf) 

Total “toxic” constituents 

15-00 

15-58 

16-96 


Figures expressed as percentages of fresh root. 

♦ Based on methoxyl content of rotenone and deguelin of 16-74 per cent, 
t Based on methoxyl content of toxicarol of 15-12 per cent. 


With the “Sumatra-type” and D. malaccensis roots 96 per cent, and 
with the D, ettiptica 98*6 per cent of the total ether extract were recovered 
in the fractions separated. The combined “toxic” constituents for each 
root based upon the methoxyl contents of the resins separated were of 
the order of 82-90 per cent of the total ether extract figures. 

We again see from the probit-concentration curves (Figs. 1 and 2) 
both for the ether-soluble resins after potash treatment (section 4), and 
also for the calculated “rotenone plus deguelin” contents of these frac- 
tions (section 6), that the “Sumatra-type” root is undervalued with 
respect to the other types. It would appear that the material extracted 
by alkali, or a related compound, is playing some part in the insecticidal 
action of the root. 

The effect of the substitution of saturated baryta solution for the 
potash upon the amounts of resin remaining in solution in the ether was 
determined. The extract from 6 g. of each root was extracted t^ree 
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successively with 10 c.c. of baryta, the ether layers dried as before, 
and the amounts of resin in solution determined. The figures for the 
ether-soluble resin for the “Sumatra-type” root, Z>. malaccensis and 
D. eUiptica (3*76, 9*12 and 14*80 per cent of the fresh roots respectively) 
were in close concordance with the amounts of resin remaining in the 
ether after the use of potash. 

The fractionation of the resins with 6 per cent aqueous potash was 
repeated, using in this case benzene as solvent. Duplicate portions of 
5 g. of each root were extracted with benzene, one test being used in 
each case for the determination of the percentage of extract. Fractiona- 
tion of the second solution was carried out, using successively 10, 5 
and 5 c.c. of aqueous potash solution. In no case was a precipitate 
formed, the alkali extracts appearing as brown solutions. The total 
alkaline extracts of each root were washed with benzene, which was 
added to the main benzene solution. The benzene extracts were dried, 
and the amounts of resin in solution determined. It was found that, 
after acidification and solution in ether, only a relatively small per- 
centage of the resin was extracted by the potash from the benzene 
extracts of the three types of root treated. The results are /riven in 
Table VII. 


Table VII 


Fr(ictionation of the resins, in benzene solution, 
by means of 'potash solution 


Total benzene extract 
Reain soluble in benzene after potash 
extraction 

Resin extracted and soluble in potash 


“ Sumatra- 

type** Z>. malaccengis D. eUiptica 
W 170 W 161 W 149 


19 02 (13-22) 19-42 (13-92) 17-94 (14-67) 
14-64 (14-23) 15-34 (14-68) 16-42 (16-61) 


3-02 2-87 1-84 


Figures expressed as percentages of fresh root. 

Methoxyl content as percentage of each fraction given in brackets. 


Further fractionation of the resins that had remained soluble in the 
benzene on extraction with potash w6ws then carried out by dissolving 
them in 60 c.c, of ether and extracting successively with 10, 6 and 6 c.c. 
of saturated baryta solution. By this procedure the yellow juecipitates, 
separating before in the case of the “Sumatra” and Z). malaooensis roots 
on extracting with potash or baryta from ether solutions, were again 
obtained, with a corresponding reduction in the amounts of resin re- 
maining in solution in the ether layers. The resins extracted by the alkali 
were, as before, recovered by solution in ether after acidification with 
Ann. Biol, xxm 
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dilute acid. The results are given in Table VIII. Methoxyl determina- 
tions on the fractions separated, where carried out, are given in brackets. 

Table VIII 


Fractionation of the resins soluble in benzene after •potash extraction 
by means of baryta, using ether as solvent 



“Sumatra- 

D. mdlaceensis 

D, Mptica 


W151 

W 140 

Resin soluble in benzene after potash 

14-54 (14-23) 

15-34 (14-58) 

15-42 (15-61) 

extraotdon 

Resin soluble in ether after baryta 

3-55 (12-48) 

7-32 (14-84) 

13-34 (15-50) 

extraction 

Resin extracted and precipitated by 
baryta 

Resin extracted and soluble in baryta 

9-51 (14-83) 

6-27 (14-65) 

0-76 

0-67 

0-38 

0-41 


Figures expressed as percentages of fresh root. 

Methoxyl content as percentage of each fhu)tion given in brackets. 


The potash treatment of the benzene solutions of the resins has 
efEected a partial purification, as judged by the methoxyl values, although 
some loss of methoxyl has occurred as well. The amounts of ‘‘toxic” 
resin, calculated from a methoxyl content of rotenone and deguelin of 
16*74: per cent, remaining soluble in the ether after the two alkaline 
treatments, although slightly lower, are of the same order as the amounts 
given in Table VI. When the results given in Table VIII are compared 
with those in Table V it is seen that the baryta extraction has pre- 
cipitated a larger proportion of the material extracted by alkali than 
has potash. In no case did the baryta-soluble material exceed 1 per cent 
of the root. The outstanding effect obtained in these tests was the 
inability of the potash to effect the separation of the potassium salt of 
toidcarol or of its precursor, from a benzene solution of the “Sumatra” 
or Z>. malaccensis resins. 

Fractionation of the resins using petroleum ether as precipitant 

It is known that rotenone, deguelin and toxicarol are almost insoluble 
in petroleum ether. This fact was utilized in an attempt to purify the 
resins by precipitation of the toxic constituents from concentrated ether 
solution by means of petrOietun ether. Our experience, based upon a 
number of trials, was that this procedure did not effect a sufficiently 
quantitative separation of the active principles to justify its use for 
purposes of evaluation. 
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Preparation of“degueUn concentrates” after 
'petroleum ether extract'Um of the roots 

Haller & La Forge {foe, oit.) have shown that although the solubility 
of the toxic constituents of derris in petroleum ether is low, prolonged 
extraction will separate a resin containing a high proportion of the active 
principles, contaminated with extraneous material relatively small in 
amount by comparison with extracts using other solvents. They state 
that such an extract is particularly suitable for the examination of the 
non-crystallizable constituents. We have used prolonged extraction with 
petroleum ether in a Soxhlet apparatus in a further endeavour to prepare, 
as quantitatively as possible, ‘'deguelin concentrates from the three 
types of root under investigation. 

Portions of 20 g. of the ‘‘Sumatra”, D. malaccensis and D, ellij^ica 
roots were extracted with petroleum ether, with rapid refluxing, for 
55 hours, the root material being taken out and mixed at frequent 
intervals to ensure penetration of the solvent. The petroleum ether was 
removed, the extracts dissolved in a littte ether, the solutions seeded, 
and placed in an ice-chest for 2 days. Some crystals separated, par- 
ticularly in the D, eUiptica extract and these were removed. The ether 
solutions were then extracted with dilute potash, washed with water, 
dried over sodium sulphate and after concentration to a small bulk, 
again placed in the ice-chest for 5 days. A further amount of rotenone 
was deposited from the D, malaccensis extract. The weights of the resins 
remaining in solution in the ether were then determined (Table IX). 

Table IX 

Preparation of ^'degudin concentrates ” foUmoing 
petroleum ether extraction of the roots 

% of fresh root 

f 

“Sumatra- 

type” D. nmlaccensis 
W 170 W 161 

Rotenone Beparating frx^m ether 0-45 1*62 

Bolution 

Resin (“deguelin concentrate”) 2-66 6*19 

remaining in ether solution 

The combined figures for the separated rotenone and resin remaining 
in solution in the ether were 3*10, 7*81 and 10*85 per cent of the roots 
examined. The activity of the “Sumatra-type” root is again somewhat 
undervalued by the figure of 3*10 per cent, both with respect to the 

58-2 


D. eUipiica 
W 149 

1*88 

8*97 
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D. maiaccensis (7*81 per cent), and to the D. eUipiioa (10'86 per cent) 
(see Table II and Figs. 1 and 2, section 6). 

Nature op the resin recovered prom the material precipitated by 

POTASH prom an ETHER EXTRACT OP THE SUMATRA-TYPE BOOT 

On acidification of the yellow precipitate and extraction with ether 
a yellow resin resulted, which has not so far been induced to crystallize^. 
The resin had a methoxyl content in close agreement with the theoretical 
value for inactive toxicarol (16*12 per cent), and was optically active, 
a solution in benzene showing a laevo-rotation. On addition of potash 
in methyl alcohol to such a solution, an immediate change to a dextro- 
rotation, followed by a decline in rotation, took place, and this reaction 
has been found to be characteristic of the ‘‘Sumatra-type” and D, malao- 
censis resins. It will be discussed in more detail in Part III of the present 
series (11). When the resin was dissolved in alcohol and refluxed with 
addition of potash, yellow crystals soon separated, and these, on re- 
crystallization from acetic acid, melted at 224^0. Inactive toxicarol, 
obtained from “Sumatra-type” resin by the method of Cahn & Boam 
(loc, cit,) melted at 221° C. The insecticidal activity of the resin has not 
yet been determined, but further investigation of this interesting de- 
rivative is called for, as it appears to be rich in a precursor of the inactive 
toxicarol. 

The EFFECT OF THE REMOVAL OF TOXICAROL UPON THE SEPARATION OF 
ROTENONE FROM CARBON TETRACHLORIDE SOLUTIONS OP 

“Sumatra-type” and D. malaccensis resins 

We have found, with a “Sumatra-type” root from which no rotenone 
separates by the normal procedure, that after the removal of the pre- 
ponderating toxicarol by alkali treatment of the ether extract, the 
naturally occurring rotenone separates readily on taking up the residual 
resin in carbon tetrachloride. The product furthermore appears to be 
but little contaminated by resin. As opposed to this, quite considerable 
loss in apparent rotenone takes place on purification of the complex 
obtained by the Cahn & Boam “hidden” rotenone technique. 

Duplicate portions of 4 g. each of the resin extracted by ether frcftn 
the “ Sumatra-type ” root W 170, were taken. To one was added 10 c*c. of 
carbon tetrachloride, the resin dissolved, the solution cooled, seeded and 
kept in the ice-chest for 2 days. No crystals separated. One gram of 
pure rotenone was added and the determination of the “hidden ” rotenone 

^ An optically active caryfftalline oompotmd poMeMdng inaeotioidal propertiea waa iaolated 
from the reain mortly fmr thia paper was sent to preaa. 
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carried out by the method of Cahn & Boam (loc. oit,). The carbon tetra- 
chloride mother liquor, on cooling and standing, deposited a further small 
amount of complex, and this was added to the main bulk of crystals. 
The crude complex, giving a figure of 1-96 per cent of ‘‘ hidden” rotenone 
in the root, was purified by trituration, the purified rotenone being 
0*64 per cent of the root. The second portion of resin, in 50 c.c. of ether 
solution, was extracted three times with 20 c.c. of 5 per cent potash, 
the alkaline extracts washed with ether, ^the combined ether solutions 
washed with water, dried over anhydrous sodium sulphate, the ether 
removed, and the residual resin taken up in 10 c.c. of warm carbon 
tetrachloride. After standing overnight, the first crystals were filtered, 
the mother liquor concentrated, and the final yield of complex obtained. 
The rotenone content calculated from the complex so obtained, was 
0*47 per cent of the root. On purification by trituration this figure fell 
to 0*40 per cent. In the case of the complex separated by the hidden” 
rotenone method, the product was dirty yellow in appearance, while the 
crystals separating after alkaline treatment were almost colourless. 

The tests were repeated using a second “Sumatra-type” root (our 
No. W 180), The Cahn & Boam method was carried out as before on 
4 g. of resin, while for the alkali treatment, followed by separation of 
the complex, the resin extracted by ether from 50 g. of root was used. 
In this instance, the complex was purified by recrystallization from 
alcohol, a correction being made for the rotenone retained by the solvent. 

In previous rotenone determinations on the D. malaocensis W 161 
root the crude complex had been highly coloured, and had shown a 
considerable loss in apparent rotenone on purification. The effect of 
alkali pretreatment of the resin of this root was therefore determined. 
In this case, the use of the “hidden” rotenone technique was not 
necessary, the complex, equivalent to 2*84 per cent of “crude” rotenone, 
separating overnight. On purification by alcoholic trituration the product 
lost much of its yellow colour, and a purified rotenone figure of 1*93 per 
cent of the root resulted. The “crude” rotenone determined on the 
duplicate portion of resin from which the toxicarol had been removed 
by extraction with alkali, was 1'96 per cent, the product being colourless. 
On purification by trituration, this figure was reduced to 1-70 per cent of 
rotenone in the root. The results are tabulated in Table X. 

In the case of the “Sumatra-type” roots either the presence of large 
amoimts of resinous material rich in toxicarol prevents the separation 
from carbon tetrachloride solution of the rotenone present, or potash 
treatment removes some other inhibitor of crystallization. The complex, 
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which subsequently separates readily, is then obtained in an amount 
agreeing relatively closely with the figure obtained for the purified 
product by the normal method. 

Table X 

Separation of rotenone from carbon tetrachloride solutions of the resins 
with and vnthout removal of toxicarol 


% of fresh root 

^ A 

( 

Purified 


rotenone 

Crude 

A 

( \ 

rotenone 

M.P. 


“Sumatra-type** W 170: 

% 

% ("C.) 

Ether, oarl^n tetrachloride, Cahn & Boam*8 “hidden** 
rotenone method 

1*96 

0-64 (161) 

Ether solution extracted with potash, carbon tetra- 
chloride 

“Sumatra-type** W 180: 

0-47 

0-40 (168) 

Ether, carl^n tetrachloride, Cedm & Boam*s “hidden** 
rotenone method 

216 

0-67 (161-6) 

Ether solution extracted with potash, carbon tetra- 
chloride 

D. malacceMiB W 161 : 

0-89 

0-66 (169) 

Ether, carbon tetrachloride 

2-84 

1-93 (168*6) 

Ether solution extracted with potash, carbon tetra- 
chloride 

1-96 

1-70 (169) 


More work is needed upon the suitability of alkali as a means of 
reducing the concentration of the inhibitor of rotenone crystallization. 
There is the possibility of the alkali causing a loss, by degradation, of 
the rotenone present, while oxidation products may be formed during 
the process of extraction. In this connexion, we have observed small, 
though varying amounts of a pale yellow material, melting in the region 
of 208° C., separating from the ether layer. It may well be, however, 
that such a pretreatment, suitably controlled, could form the basis of 
a standard method of rotenone determination applicable to the main 
types of derris root. 


Discussion 

The work described was carried out in an endeavour to characterize 
more definitely on a chemical basis, the “Sumatra-type”, Z>. malaccensis 
and D. eUiptica roots, with a view to their evaluation by chemical means. 
The “ Sumatra-type ” root examined contained small amounts of rotenone 
and deguelin, while some 70 per cent of its resin was removed from an 
ether solution by treatment with potash. From the fraction precipitated 
by the -alkali an optically active resin, appearing rich in toxicarol, was 
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obtained. The root was characterized by the inability of the rotenone 
to separate directly from a carbon tetrachloride solution of its resin, 
and this inhibition appeared to be due to the preponderance of the 
material extractable by potash. 

The Z). imlaccemis, from its chemical properties, occupied a position 
intermediate between the “Sumatra-type’* root and the D. eUiptica, in 
that it contained greater amounts of both rotenone and deguelin, with 
a corresponding decrease in the content of alkali-extractable resin. With 
the Z>. malaccensis, this appeared to be insufficient in amount to inhibit 
the crystallization of the rotenone. The separation of rotenone is appa- 
rently dependent upon the relative proportion of rotenone to other resins 
in the carbon tetrachloride solution, and takes place when the proportion 
of rotenone to the inhibiting material is sufficiently high, a condition 
achieved either by the addition of the pure compound, as in Cahn’s 
method, or by the removal of the non-crystallizable resin by treatment 
with alkali. Further work is needed, however, on this question before 
the factors influencing the separation of the complex are fuUy understood. 

The J9. eUiptica differed markedly from both the “Sumatra-type” 
and J5. malaccensis roots, in that very little material was extracted by 
potash from an ether solution of its resin, the extract showing no forma- 
tion of precipitate. The rotenone present separated readily, and showed 
little contamination by resin. The “Sumatra-type” root is thus much 
more closely akin to the D, malaccensis than it is to the D. eUiptica root. 

Throughout the work, we have evidence that, although the insecticidal 
activity of the toxicarol as it occurs in the root is probably not com- 
parable with that of rotenone, the preponderating amount present plays 
a definite part in the final toxic value of the “Sumatra-type” root. In 
all methods of attempted evaluation after the removal of the toxicarol 
the activity of the “Sumatra-type” root was imdervalued, relative to 
the other roots, by the estimates obtained of the residual combined 
rotenone and deguelin. This undervaluation of the “Sumatra-type” root 
was greater in the comparison with the D. eUiptica than it was in the 
tests with the D. malaccensis, a root of more similar type. 

The dehydro method as a means of assessing the toxicity of the 
“Sumatra-type” root is inadequate and it would appear that the evalua- 
tion of derris types will only be possible when more is known of the nature 
and activities of the precursors in the root of the various crystalline and 
relatively inactive derivatives that have been isolated. 
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SOHHABT 

1. The determinations of purified rotenone, ether extract, dehydro 
compounds, ether-soluble resin after potash treatment, and of the 
rotenone plus “deguelin concentrate” are each shown to be inadequate 
as a means of assessing the relative insecticidal activities of the 
“Sumatra-type”, D. tnalaooensis, and D. elliptioa roots. 

2. The toxicarol present in the “Sumatra-type” derris appears to 
play a small but definite part in the insecticidal activity of the root. 

3. The resin recovered &om the material precipitated by potash 
from an ether extract of the “Sumatra-type” root is optically active, 
and appears to be rich in the precursor of inactive toxicarol. 

4. Rotenone, if present, will separate readily from a carbon tetra- 
chloride solution of “Sumatra-type” resin from which the toxicarol has 
been removed. The possibility of a standard method of rotenone de- 
termination, dependent upon suitable pretreatment of the resins, is 
suggested. 


We wish to express our indebtedness to the Copper Technical Bureau 
for their kindness in supplying us with samples of the “Sumatra-type” 
root. We also wish to thank Dr S. Krishna of the Forestal Department 
of Northern India for valuable assistance. 
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Introduction 

One of the chief difficulties met with in attempting the assessment of 
the insecticidal value of the rotenone-containing plants, by either 
chemical or physical methods, lies in the great variety and complexity 
of types or strains. Not only is this true when different genera or species 
are considered, but also, within the same species marked contrasts have 
been noted, Henderson’s (3) investigations bear witness to the wide 
botamoal variation in habit of growth and leaf form of the Derris species. 
The chemical complexity of the extracts derived from these plants is no 
less oonfoaing, and specimens of any one of the Derris species are known 
to vary widely in their chemical characteristics. Parts 1(6) and 11 ( 5 ) of 
this senes of papers deal with the more chemical aspects of the problem. 
We propose in this section to present a study of the optical activities 
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of the extracts of three types of derris with the object of demonstrating 
as far as possible the extent and nature of this variation. Although 
only three samples are dealt with, it is hoped that the investigations 
described may prove a contribution to the difierentiation of types or 
strains in this genus. 

The importance of the study of optical rotations for this purpose is 
emphasized by the fact that the precursors of some of the isolated 
crystalline derivatives, e.g. deguelin and toxioarol, probably exist in the 
resins in an optically active state although the isolated crystalline 
products are devoid of this property. The optical rotation of rotenone in 
solution in various solvents has been investigated by Jones & Smith (4). 
It is the only constituent of a toxic nature the rotation of which is 
accurately known, and imquestionably it plays an important role in 
determining the optical activity of resins in which it occurs. The use of 
a rotation method for purposes of discrimination, evaluation and stan- 
dardization is hardly warranted, without further information as to the 
parts played by other constituents of the derris resins. The “Sumatra- 
type ” root presents certain possibilities in an investigation of this type, 
as it has been shown by Cahn & Boam(i) to contain large amounts of 
toxicarol. On the other hand, it is indicated in Part II of this series of 
papers that D. elMptica may be practically free from this constituent. 
D. malaccensis would seem to rank between these two in the chemical 
make-up of its resins. Inactive toxicarol is almost devoid of toxicity to 
insects and requires for its separation a treatment of the resin with alkali. 
A comparative study of the rotation of extracts of these three types of 
root and the changes induced by the addition of alkali, might make it 
possible to ascertain more exactly the relationship between them. 


Experimental 

TJie optical rotations of benzene solutions of rotenone 
and three different types of resin 

Experiments were carried out to select solvents for extracting the 
resins and determining the rotations. Ether has the advantage of 
low-temperature extraction, but is difficult to use in the polarimeter. 
Thus it becomes necessary to take off the ether which these resins retain 
with some ^naoity, and it was found that heating rotenone or derris 
resins at 100*^0. slightly lowered their specific rotations. The rotations 
were therefore determined directly on the benzene extracts. This solvent 
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has, moreover, the advantage of giving higher rotations for rotenone 
than many others, and with the resins, solutions of which are often so 
dark coloured as to transmit very little light, makes possible the use of 
low concentrations. The benzene extract of the finely powdered root was 
made up to a known volume at 20° C. and the solid residue determined 
in an aliquot part. Dilutions of known concentrations at 20° C. were 
then prepared. The rotations were determined at 20° C. in a polarimeter, 
reading in circular degrees, using a 10 cm. tube fitted with a water jacket 
for controlling the temperature. An electrically heated sodium lamp 
provided the illumination. In Table I are given the data obtained for 
the three types of derris root examined and for rotenone; they are 
plotted in Fig. 1. Results obtained by Jones & Smith (4) for rotenone in 
benzene solution are also plotted for comparison. The two sets of data 
are concordant, indicating that the rotenone used was of corresponding 
purity. Our sample was recrystallized several times from absolute alcohol 
and had a melting-point of 163-1 64° C. All the resins are laevo-rotatory, 
and the rotations when plotted against the concentrations are not strictly 
linear. The specific rotations similarly plotted fall approximately on 
parallel straight lines inclined to the axis of concentration (Fig. 1). 

Table I 


Rotations of benzene solutions of eoctracts of derris root 



of different types 




Cone, of 

Cone. 


Specific 


resin in 

as g. of 

Rotation 

rotation 

Name 

g./lOO c.c. 

root/100 c.c. 



Sumatra type 

17-802 

100 

- 9-82 

- 55 

Benzene extract 

14-244 

80 

- 8-35 

- 59 

Extract = 17-802% 

8-545 

48 

- 5-45 

- 64 

4-272 

24 

- 2-90 

- 68 


2-136 

12 

- 1-50 

- 70 

D. maiaccensis 

19-058 

100 

- 14-17 

- 74 

Benzene extract 

15-246 

80 

-11-88 

- 78 

Extract = 19-058% 

9-148 

48 

- 7-65 

- 84 

4-574 

24 

- 4*04 

- 88 


2-287 

12 

- 2-08 

- 91 

D. elUptica 

17-406 

100 

- 14-61 

- 84 

Benzene extract 

13-925 

80 

-12-14 

- 87 

Extract = 17-406% 

8-355 

48 

- 7-71 

- 92 

4-177 

24 

- 4*01 

- 96 


2-089 

12 

- 2-05 

- 98 

Rotenone 

(1) 5-0 



-11-21 

-224 

Benzene solution 

1*0 

— 

- 2-32 

-231*5 


(2) 4-6730 

— 

- 10*49 

-224*5 


2-2655 



- 5-20 

-229*5 


1*0635 

— 

- 2-46 

-231*0 
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The question arises whether the rotatory power can be correlated 
with the insecticidal activity. The order of toidcity of these three samples 
of root judged at the median lethal dose for Aphis rumicis is ** Sumatra* 
type ’* 1 < D. malacoensis 2-2 < i). eUiptioa 2*9. When the rotations of the 
resins for the three samples are placed in order of magnitude at some 
equivalent concentration of the roots, e.g. 100 per cent, the sraiples are 
placed in the same order as that given by our toxicity data (Part II, 


Oonoentrations resin g/lOO o.o. 



Fig. 1. Rotations and speoifio rotations of the benzene solutions of rotenone, 
and the resins of three t 3 rpee of derris root. 

p. 884), assuming that the rotations are a measure of toxicity the order 
isl5<l'4if<l*6£^ (where = Sumatra-type, M=D. malaccensis and 
E^D. eUiptica). This quantitatively overvalues the “Sumatra-type*' 
relatively to the other two. It should be noted, however, that the pro- 
portionality of the rotations changes with concentration. 

Specific rotations in benzene of the ether extracts of the roots 
Portions of 10 g. each of the “Sumatra-type”, D. malacoensis and 
D. eUiptica roots were extracted with ether, the solvent removed and 
the resins dried as completely as possible in an oven at 60® C. The resins, 
the weights of which varied between 1-74 and 1*91 g. were dissolved in 
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benzene, and the volumes adjusted to 25c.c. at 20*^0. The specific rotations 
of the “ Sumatra-type D. malaccensis and D. eUiptica resins were — 67*8°, 

— 86*6° and --96*3° respectively. These figures increased to —65*6°, 

— 90*8° and —100*7° on dilution of 10 c.c. of each solution to 26 c.c. 
with benzene, and redetermination of the rotations. 

Further portions of each root were extracted with ether, and the 
solutions (about 50 c.c. in bulk) extracted successively with 20, 20, 10 
and 10 o.c. of 5 per cent aqueous potash. The alkaline extracts were 
washed with ether, the ether solutions for each root combined, washed 
with water, dried over sodium sulphate, the solvent removed and the 
specific rotations of the ether-soluble resins determined in benzene solu- 
tion. The weights of resin for the “Sumatra-type”, Z). rmlMcensis and 
D. eUiptica roots were 0*410, 0*959 and 1*545 g., and the specific rotations 
determined at 20° C., were —72*6°, —112*6° and —94*5° respectively. 
The specific rotations, on dilution as before, were increased to —76*2°, 
-116*3° and 99*1°. 

In the extraction of the “Sumatra-type” and JD. malaccensis roots, 
the yellow precipitates formed in the alkaline layers were filtered and 
washed with water, and the resins, freed on acidification with dilute 
hydrochloric acid, taken up in ether. The ether solutions were washed 
free from acid, dried over sodium sulphate, and the solvent removed. 
The specific rotations of the resins were then determined in benzene 
solution. They were as follows: resin from the yellow precipitate from 
the “Sumatra-type”, root —62*7° and for the resin from the Z>. malac- 
censis precipitate —67*5°. Haller & La Forge (2) state that the preci- 
pitate formed on potash treatment of an ether solution of derris resin 
consists of the diflScultly soluble potassium salt of toxicarol. On recovery 
of the potassium-free material from this by acidification and extraction 
with ether, the product, which so far we have not succeeded in obtaining 
in the crystalline condition^, is shown to be optically active and laevo- 
rotatory in benzene. 

We have, in addition, separated toxicarol from a “Sumatra-type” 
root by the method of Cahn & Boam (he, cit,). The crystalline product 
melted at 221° and had a low solubility in ether and benzene. A 2 per 
cent solution in chloroform showed no optical rotation. 

We have not been able to trace any simple correlation of the insecti- 
cidal powers of these roots and the rotations of either the crude resins 
or their constituent fractions. Much more information is needed on the 
rotations of the fractions of the derris resins and their relative toxicities. 

1 See, however, footaiotee, pp. 894 and 915. 
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The change of rotation on adding caustic potash in methyl alcohol 
to benzene extracts of denis ro(A, 

Apart from rotenone, the several crystalline derivatives, e.g. deguelin 
and toxicarol isolated from derris root have been found optically inactive. 
There is some evidence to show that in the process of extraction these 
compounds have either been derived from some precursor or have under- 
gone a process of racemization during extraction. As alkali was employed 
during the process it seemed advisable to ascertain what effect it had 
upon the rotation of the resins derived from the samples of derris root 
of the three types under examination. The benzene extracts used for the 
determination of the rotations at different concentrations (Table I) were 
employed. Aliquot parts (5 and 10 c.c.) were taken at 20*^0., and known 
amounts of normal caustic potash solution in methyl alcohol were added ; 
in addition, an equivalent volume of methyl alcohol was added to a 
further set in order to ascertain its effect, if any, upon the rotation. The 
higher concentrations of the resins became too dark under alkali treat- 
ment, and the investigations were therefore limited to the two lowest 
concentrations of the benzene extracts. The following distinguishing 


letters have been employed : 

Dilution Eesin g./lOO c.c. 

“Sumatra-type” S.C. 4-272 

S.D. 2-136 

D. malaccensis M.C. 4-674 

M.D. 2-287 

D. eUiptica E.C, 4-177 

E.D. 2-089 


In addition, the effect was determined of the addition of methyl 
alcohol and the standard solution of caustic potash in methyl alcohol 
upon the rotations of different concentrations of rotenone and of the 
various fractions, isolated by caustic potash extraction of ether solutions 
of the resins, all in solution in benzene. 

In Table II we have given all the salient data obtained for the 
“Sumatra-t)^e”. The equivalent of caustic potash to be added was 
calculated, assuming the resin to have the same molecular weight as 
rotenone. This assumption is not strictly valid, but it gave a rough 
approximation of the amount of caustic potash to be added and ex- 
perience showed that within certain limits the amount of alkali added, 
although having a distinct bearing on the initial change of rotation, 
had only a slight one upon its subsequent rate of change. 

In the table also the specific rotation of the mixture of methyl alcohol 
with the benzene solution of the resin is given, the resulting concentration 
of resin* being calculated on the assumption that there was no change 
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in volume; the corresponding specific rotation of this concentration in 
benzene was determined from the graph in Fig. 1. It will be noted that 
the addition of methyl alcohol to the benzene solution of the “Sumatra- 
type” resin results in a reduction of the laevo-rotation. In a preliminary 
experiment on this resin, in which attempts were made to dissolve it in 
methyl alcohol, a portion of the resin was only slightly soluble in this 


Table II s 

Effect of addition of caustic potash in methyl alcohol 
upon benzene extracts of Sumatra4ype'^ root 


Dilution 

S.C. 4-273 g. resin/lOO c.c. 
[«]“- 

-67-9“. 

4 C.C. methyl alcohol 
added to 5 c.c. 

Ck)nc. after addition of 
methyl alcohol =«= 

2-3736 g./100c.c. 

after 4 hours**- -0*81°. 
W*--S4-. 

aj* equiv. cone, in benzene 
-l-65“.[oi]"-6-9S°. 

Equivalents of potash. Resin calculated as having mol, wt. 394. 
12 3 1 


Time 

inin. 

w? 

0 

[aV 

0 

jfc* 

[a]? 

[4,- 

[«L,-905 

0 

k* 

0 

[air 

[4,-116 

0 

k* 

0 0 

ik* 

1 

+ 185 

+116 

— 

— 

— 

— 

+206 

+ 131 

— 

— 

-- 

— 

2 

— 

— 

— 

+200*5 +116 

— 

— 

— 

— 

+ 177 

132 

— 

3 

175 

106 

0-045 

— 

— 

— 

203 

126 

04)22 

170 

125 

0-055 

5 

172 

103 

0-030 

190 

105*5 

0-032 

196 

119 

04)25 

158 

113 

0052 

10 

160 

91 

0*027 

175 

90*5 

0-031 

180 

103 

0028 

130 

85 

04)55 

16 

147 

78 

0-028 

161 

76-5 

0*032 

166 

89 

0-028 

no 

65 

0-054 

20 

138 

69 

0*027 

151 

66-5 

0-031 

154 

77 

0-028 

9(5 

51 

0053 

25 

132 

63 

0-025 

142 

57*5 

0*031 

146 

69 

04)27 

84 

39 

0053 

30 

125 

56 

0*025 

137 

52-5 

0*028 

136 

58 

04)28 

75 

30 

0-053 

35 

118-5 

49-5 

0025 

130 

45*5 

0*028 

128 

61 

04)28 

68 

23 

0063 

40 

113 

44 

0*025 

126 

41*6 

0*027 

122 

45 

04)28 

64 

19 

0061 

45 

109 

40 

0*024 

— 

— 

— 

— 

— 

— 

— 

— 

— 

56 

— 

— 

— 

113 

28*5 

0*026 

100 

32 

0*026 

54 

9 

04)51 

60 

100*5 

31-5 

04)22 

— 

— 

— 

— 

— 

— 

— 

— 

— 

70 

— 





106 

21-6 

0*025 

96 

19 

0*028 

49 

4 

0051 

75 

93 

24 

0*023 

— 

— 

— 

— 

— 

— 

— 

— 

— 

86 

— 



— 

98 

13*6 

04)^ 

88 

11 

0*030 

46 

1 

0*059 

105 

85 

16 

0*019 

— 

— 

— 

— 

— 

— 

— 

— 

— 

116 

— 



— 

93 

8-5 

04)23 

77 

0 

— 

— 

— 

— 

145 







89 

4*5 

04)23 

— 

— 

— 

‘ — 

— 

— 

195 

75 

6 

0*016 

— 

— 

— 

— 

— 

— 

45 

0 

— 

205 

— 

__ 

__ 

84 

0 

— 

— 

— 

— 

— 

— 

— 

330 

69 

0 

— 


— 

— 

— 

— 

— 

— 

— 


Mean Jb -0*036 

Mean ik -0*0385 

Mean fc -04)275 

Mean ik -04)53 


Mean fc/c.c. methyl 

Mean ib/c.c. methyl 

Mean fc/c.c. methyl 

Mean 1j/c.c, methyl 


alcohol -0*013 

alcohol -0*014 

alcohol -00135 

alcohol -04)133 


Dilution S.D. 2-136 g. resin/lOO c.c. *12 g. root/100 c.c. 

2 c.c. methyl alcohol added to 5 c.c. 

Cone, after addition of methyl alcohol -1*526 g. resin/100 c.c. 
aj after addition of methyl alcohol after 

5 min. » -0-69" [a]? == -45-2" 

3 hours - -0-73" [agf- -47-8" 

22 hours - -0-76" [a]^ - -49-2" 
for equivalent cone, in benzene* -107° [aij* * -70“. 


Natural logs were used in calculating k. 
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BolTent and some of the firactions obtained when dissolved in methyl 
alcohol were dextro-rotatory in contrast with their solutions in benjEone 
which were laevo-rotatory. 

The addition of caustic potash in methyl alcohol causes a definite 
colour darkening of the solution and an instantaneous change from a 
laevo- to a dextro-rotation. The rotations then decline at first rapidly 
and afterwards more slowly. The readings were taken for the first and 
second minutes after mixing and afterwards every 5 min. until the change 
became so slow as to require a longer period for accuracy. Only one 
reading could be taken at these 6 min, intervals, so rapid was the early 
rate of change, but for the 15 min, intervals five readings, and for 30 min, 
and longer intervals ten readings were taken, the. mean of each set 
being given in Table II. After a period the change became very slow 
and the solution darkened to such an extent as to render further readings 
impossible. In no instance did the dextro-rotation fall to zero with time, 
but approached a value which could be regarded as the end-point of the 
reaction. We are unable to state the nature of the product giving rise 
to this residual dextro-rotation or whether it was present in constant 
amount during the course of the decline in the rotatory power. It was 
considered preferable to take the final reading as the equilibrium point 
indicating a cessation of the main reaction. This value was therefore 
deducted from the other readings for purposes of calculating the velocity 
coefficient assuming the reaction to be unimolecular. The curves obtained 
by plotting the specific rotations against the time interval only approxi- 
mate to the semi-logarithmic type, the value for the velocity coefficient 

— ^ , m which, after deducting the 

d — X2 

rotation and and ^2 changes of rotation after time ti and tends 
to decline with time, but, with many of the curves is approximately 
constant at their middle portion. For the lower concentrations of resiu 
the mean velocity coefficient is practically independent of the amount 
of caustic potash added. The velocity coefficient for dilution S.C. is 
approximately double that found in the tests given by dilution S.D. 
Later work, the results of which are given below, demonstrated that the 
increase in velocity is not due to the increase in concentration of the 
resin, but to the amount of methyl alcohol added with the caustic 
potash. At the foot of Table II we have given the values for the ratio 
Mean kfSleOB. c.c.^. It is approximately the same in every case, namely 
0-013-0-014. 

^ lAthenimberofo.o.ofmethylaloohdftddodto5o.o.oftheb«zijBeiMiolatioiioftiierMin. 


final reading, a is the initial 
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The data for the similar treatment of D. mdktcoensis are given in 
Table m. 


Table III 

The ejfeet of addition of caustic potash in methyl alcohol 
upon benzene extracts of D. malaooensiB root 


DOatkm M.D. (2-287 g. rwin/lOO c.c. -12 g. root/100 C.C.). 
«? — a- 06 *. [a® — 90“. 


DilutioQ 

M.C. (4-674 g. r68in/100c.c. ' 

-24 g. root/100 C.C.). 
ay--4-04^ [a]?- -88-3®. 
20.C. methyl alcohol added to 4 c.c. methyl alcohol added to 4c.c. methyl alcohol added to 
5 0 , 0 . 

Cone, after addinfmewyl alcohol Cone, after adding methyl alcohol (3onc. after adding methyl alcohol 
- 1-834 g./100 C.C. - 127 g./lOO c.c. -2-541 g./lOO c.c. 

adding methyl alcohol [a]^ after adding methyl alcohol [aff after adding meUiyl alcohol 

- -89®. - -61®. - -69-0®. 

[ajJ for equiv. cone, in benaene [a^ for equir. cone, in benaene [a]J for equiy. cone, in benaene 

- -91-6®. - -92®. - -91®. 

Equiyalenta of potash added. Resin calculated as having mol. wt. -394, 




1 



2 • 



1 


Time 

w? 

[«v 


[.)? 

[«v 

[«3i,-14« 


[.]? 

[«v 

[aij-au 

^ 

min. 

0 

A 

k 

• 

• 

k 

e 

0 

k 

2 

+111-4 

72-8 


119-6 

88-9 



107-8 

97-2 



5 

109-6 

71-0 

0006 

103-9 

73-2 

0065 

94-1 

83-5 

0051 

10 

102-2 

63-6 

0017 

85-0 

54-3 

0062 

73-6 

63-0 

0054 

15 

94-3 

55-7 

0021 

71-6 

409 

0060 

606 

500 

0051 

20 

86-9 

48-3 

0023 

63-0 

32-3 

0057 

48-4 

37-8 

0062 

25 

81-4 

42-8 

0023 

55-9 

25-2 

0065 

402 

29-6 

04)63 

30 

75-6 

37-0 

0024 







33-5 

22-9 

0062 

35 

71-0 

32-4 

0025 







29-1 

18-5 

0050 

40 

— 

— 

— 

43-3 

12-6 

0062 







50 

006 

22-0 

0025' 

— 

— 

— 

203 

9-7 

0048 

55 

— 

— 

— 

37-0 

6-3 

0060 

— 

— 

— 

65 

53-2 

14-6 

0020 

— 

— 

— 

15-7 

5-1 

0047 

80 

502 

11-6 

0024 












85 

— 

— 

— 

33-0 

2-3 

0044 





— 

95 

— 

— 

— 







13-0 

2-4 

0040 

no 

44-7 

6-1 

0023 



— 

— 

— 



— 

145 

— 

— 



907 

0 


— 





155 

— 










11-0 

04 

04)36 

170 

404 

1-8 

0022 

— 

— 

— 

— 

— 

— 

215 

— 











100 

0 

— 

230 

38-6 

0 

— 

— 

— 

— 



— 


Metnlc 

(14-170 mm.)-(Ka36 

MeaQfe-00555 

Mean k (5-65 min.) -(HN51 


Mean jfc/c.c. methyl 
alcohol -00117 

Mean k[c,c, methyl 
alcohol —00139 

Mean k/c,c. methyl 
alcohol -00127 


From this table it can be readily seen that the resin of D. malaccensis 
i*eact8 to caustic potash and methyl alcohol in a very similar way to the 
‘^Sumatra-type” resin. There is the same reduction in the rotation on 
adding methyl alcohol and the same conversion from laevo- to dextro- 
rotation on the addition of caustic potash in methyl alcohol to its benzene 
solution, and a subsequent decline in dextro-rotatory power with time. 
It would appear too as if increasing the methyl alcohol accelerated the 
Ann. BloL 59 
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decline. The magnitude of the initial change-over ftotn laevo- to dextro- 
rotation ifl proportionately less than in the “Sumatra-type”. 

The results of adding caustic potash in methyl alcohol to the resin 
of D, eUiptica and to rotenone in solution in benzene are given in 
Table IV. It will be observed here that although, as would be expected, 
the addition of methyl alcohbl reduces the specific rotation, the addition 
of caustic potash in methyl alcohol does not produce the conversion to 
dextro-rotation, although it causes an immediate drop in the laevo- 
rotatory power, any subsequent change being probably not outside 
experimental error. 

Table IV 

The effect of adding caustic potash in methyl alcohol to benzene solutions 
of the resin of D. elliptica, and of rotenone 


Resin from D, ellipHca 

Dilution Rotenone 


Descriptiion 

E.D. 

E.D. 

E.C’ 

# 

t 

Dilution in bensene g./lOO c,c. 

2-089 

2-069 

4-178 

0-960 

0-432 

root/100 c.c. 

12 

12 

24 



- 2-06“ 

- 2-06“ 

- 4-or 

- 2-19“ 

- 1-01“ 


-98-4‘» 

-98-4“ 

-96“ 

-228“ 

-234“ 

Methyl alcohol added to 5 c.c. of above 

2c.c. 

4c,c. 

4 c.c. 

4c.c, 

4 c.c 

Ckinc. after addition of methyl alcohol g./lOO c.c. 

1-492 

1-161 

2-321 

0-533 

0-240 

[a]^ after adding methyl alcohol 

-86-r 

-80*1“ 

-80-1“ 

-214“ 

-215“ 

[a]5 for equivalent cone, in beniene from graph 

-99“ 

-99-5“ 

-98-6“ 

-232“ 

-233“ 

G. -equivalents of caustic potash added 

1 

2 

1 

2-1 

5-3 

5 min. after mixing 

-9-38“ 

-0-86“ ' 

-7-32“ 

-79“ 

-79“ 

[«]^ after time in brackets 

-0-67“ 
(105 min.) 

-2-58“ 
(100 min.) 

-8-61“ 
(65 min.) 

-68“ -71“ 

(2731 min.) (1112 min.) 

* Rotenone of equivalent strength to that present in D, elliptica resin E.C. Methyl alcohol and caustic potash 
as in E.C. 

t Rotenone of equivalent strength to that present in D, 
potash as in M.C. 

vudaceensia 

resin M.C. 

Methyl alcohol and caustic 


Many other concentrations of rotenone in benaene ranging from 5 g. to 1 g. per 100 c.c. were tested with various 
amounts of methyl alcohol and caustic potash. The addition of memyl alcohol reduced the rotation slightly and 
caustic potash very materially and there was in the latter case a slight further loss with time, hut in none did the 
rotation become ^tive. There is a tendency on the addition of caustic potash for crystalline matter to be pre- 
cipitated if nMthyl alcohol is not present in considerable amount. 

It is clear from these figures that the “Sumatra-type” and D. malac- 
censis resins contain ingredients that are not present to any extent in 
the sample of D. elliptica used. Rotenone, from the data given in 
Table IV, obviously plays no part in this characteristic switch-over in 
the rotation, and it is highly probable, from the results obtained with 
D, elliptica, that deguelin has no part in it either. Since the resins of 
the “Sumatra-type” and of D, malaccensis are distinguished from that 
of the A elliptica by the large proportion of material extracted from 
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their ether extracts by caustic potash, the fractions obtained in this way 
were tested. They were dissolved in benzene and caustic potash in methyl 
alcohol was added, the amount of caustic potash added being based upon 
an equivalence to toxicarol. The results are given in Table V. 


Table V 

Effect of addition of caustic potash in methyl alcohol upon benzene 
solutions of fractions from ** Sum^a-type** resin 


M«ierial extracted and precipitated by caustic potash. 

Cone, of solution -3*^ g./IOO c.c. 
ay--l-03“. («®--504«, 

, ■ , 

2c.c. methyl alcohol added to 4c.c. methyl alcohol added to 

6 C.C. 6 C.C. 

Gone, after addition of methyl Cone, after addition of methyl 
alcohol -2-374 g./lOO c,c, alcohol -1-797 g./lOO c.c. 

[a]^ after addition of methyl [a]^ after addition of methyl 
alcohol - -22-8°. alcohol - -6-1°. 

Equivalents of potash added. Resin calculated as having 
mol. wt. —410 


Time 


[«k“ 

[och-aio 


[«]?? 

[«v 

[tt]t«236 


min. 

0 


k 

0 


k 

1 

+206 

206 



+255 

195 



2 

251 

191 

0-075 

240 

180 

0080 

6 

237 

177 

0-038 

212 

152 

0-062 

10 

213 

157 

0030 

178 

118 

0056 

16 

196 

136 

0-030 

153 

93 

0053 

20 

181 

121 

0028 

131 

71 

0053 

25 

169 

100 

00266 

115 

56 

0053 

30 

157 

97 

0026 

104 

44 

0051 

35 

146 

85 

0026 

92 

32 

0053 

40 

137 

77 

0025 

86 

26 

0052 

45 

128 

68 

0025 

80 

20 

0052 

50 

120 

60 

0025 

— 

— 


56 

115 

55 

0-024 

— 

— 


00 

111 

51 

0024 

70 

10 

0-060 

75 

96 

36 

0024 

65 

5 

0060 

90 

85 

25 

0024 

— 

— 

— 

105 

78 

18 

0023 

62 

2 

0044 

120 

72 

12 

0024 

— 

— 

— 

150 

65 

5 

0025 

— 

— 

— 

165 





— 

61 

1 

0032 

180 

62 

2 

0026 

— 

— 

— 

210 

60 

0 

— 

— 

— 

— 

225 


— 

— 

60 

0 

— 


Mean k (t -10*CO min.) -0-026 

Mean Jb/c,c. methyl 
alcohol -0K)13 


Mean k (<-10-75 min.)-0K)53 

Mean ifc/c.c. methyl 
alcohol -0013 


Material soluble in ether after 
extraction by potash. 

Cone, of solution -3018g./100c.c. 
«5 _ -a ir. w? - -92;4». 
4c.c. methyl alcohol added to 
5c.c. 

C3onc- after addition of methy 
alcohol -1-677 g./100c,c. 

[a]J* after addition of methyl 
alcohol - -76°. 

Equivalent of potash added 
assuming moL wt. -394 

1 

Solution becomes very dark after 
addition of potash. 

[a]p -approximately -12°. 
Little or no chsunge in readings 
after 30 min. 


The resin recovered from the material extracted and precipitated by 
caustic potash has been shown in Part 11(6) of this series (p. 894) to be 
‘ laevo-rotatory when dissolved in benzene. Its benzene solution reacts 
to the addition of caustic potash in methyl alcohol in a similar way to 

69-2 
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the resin of the " Sumatra-tTpe and of J). malaooenaiB. An instantaneous 
change-over to dextro-rotation takes place followed hj an approziinately 
unimolecular decline of the specific rotation with time. The magnitude 
of the initial change is, however^ greater than it is with the crude resins. 

The material left in the ether layer after extraction with caustic 
potash reacts more like D. eUiptica and rotenone, in that there is a 
reduction in the laevo-rotatory power but no change of sign. 

The separation of the fraction extracted and precipitated by caustic 
potash enabled us to test further the effect of methyl alcohol in accele- 
rating the decline in the rotation after the addition of caustic potash. 
It will be seen from Table V and from Fig. 3, section II, that when the 
proportion of alkali to this resin is kept constant but the amount of 
methyl alcohol added to its solution increased twofold the rate of decline 
is practically doubled. 

A repetition of the experiment with the potash extracted compound 
confirmed our view that the accelerating effect of methyl alcohol de- 
pended more on the proportion of the two solvents than on that of 
methyl alcohol to the resin. Three quantities of the “toxicarol*' resin 
were weighed out and dissolved in benzene. The concentrations in the 
mixtures used are set out together with the mean velocity coefficients 
in Table VI. 


Cone, in 
benzene 
meth. alcohol 

Benzene 

Table VI 

MeUiyl 

alcohol KOH 

Mean 

k 

Mean 

h 

(whole of 

g./lOO c.o. 

0.0. 

0 . 0 . g. equiy. 

(10-60 min.) 

reaction) 

2*286 

5 

2 

1 

0*022 

0*020 

2*286 

6 

4 

1 

0*048 

0*047 

M43 

5 

2 

1 

0*025* 

0*026 


* This yalue becomes 0*022 if the final rotation at which the action comes to a standstill 
is taken as equal to that for Nos. 1 and 2. 


If the effect depended on proportionality of methyl alcohol to resin 
we should expect the mean velocity coefficient of No. 3 to be on the higher 
level of No. 2, but if on thit of the two solvents on the lower one of 
No, 1. The mean value for No. 3 is on the lower level. 

It should, however, be pointed out that during the first 6 min. the 
reaction in the case of No. 3 was more rapid than in No. 1 and approxi- 
mated to that of experiment No, 2, but its rate rapidly fell and for the 
next 50 min. was nearly the same as No. 1. The further decline in the rate 
of reaction was steady, and finally the velocity coefficient became less 
than 0*02. 

In order to make it easier to compare the results tabulated in 
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Tablet II-V, we have graphed the data in the sections of the Figs. 2, 3 
and 4. In Figs. 2 and 3 the specific rotations, and in Fig. 4 the logarithms 
of the specific rotations minus the specific rotation at which the reaction 
approaches a standstill, are plotted against time in minutes. 

Fig. 2, section I, illustrates the efiect of increasing the amounts of 
caustic potash upon the induced dextro-rotatioD of the “ Sumatra-type ” 
resin. There is little or no alteration in the rate of decline whether 1, 2 



Time in minutes 

Fig. 2. Decline in the alkali-induoed dextro-rotation of benzene solutions of the 
Sumatra*type resin. Section 1, effect of concentration of potash. Section 11, different 
ooDoentratioDB of retin and methyl alcohol. 

or 3 g.-equivalents of potash are used. Fig. 2, section II, illustrates the 
difference in the rate of the decline of the induced specific rotation of 
different initial concentrations of the “Sumatra-type** resin in benzene. 
This change in rate is due, however, to the different amounts of methyl 
alcohol added with the caustic potash in the two cases. Fig, 3, section I, 
gives curves illustrating the decline in the induced dextro-rotation of the 
resin of the “Sumatra-tjrpe” and Z). n%ahocemi$ as contrasted with that 
of D. dUptioa, which remains laevo-rotatory, after treatment with 
equivalent amounts of potash in the same quantities of methyl alcohol. 
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Fig* 3, section II, shows the effect of increasing the methyl alcohol upon 
the rate of the decline of the induced dextro-rotation of the benzene 
solution of the “toxicarol” resin. The velocity coefficient of the reaction 
is practically doubled by doubling the proportion of methyl alcohol to 
benzene solution of resin. 

The semi-logarithmic graphs in the sections of Fig. 4 are intended to 
give a comparative conspectus of the relative rates of decline of the 
induced dextro-rotations on the addition of alkali in methyl alcohol to 
the benzene solutions of the resins of the Sumatra-type root, 2). maktc- 



Time in minutes 

Fig. 3. Effect of adding caustic potash in methyl-alcohol upon the rotations of three types 
of denis resin and upon **toxioaroi’* resin (in solution in benzene). 

censis, and the substance extracted and precipitated from their ether 
solutions by caustic potash (“toxicaror" resin). The effect of doubling 
the volume of ^ethyl alcohol added with the caustic alkali is rendered 
evident by tl^lfteeper slope of the lines. That side reactions are taking 
place is evidenced by the fact that in several cases the points are only 
fitted by a straight line over a limited period. It is indeed rather sur- 
prising that the semi-logarithmic graphs approxinuite so closely to 
straight lines in so many instances, when the readiness with which some 
of the compounds, present in derris root, undergo chemical change in 




of specific rotations minos specific rotation near end of 


F. Tattersfield and J. T. Martin 913 

the presence of alkali is considered. Indeed, most of the resins gradually 
darkened in colour after the addition of alkali until finally the benzene- 



Fig. 4. Decline of induced dextro-rotation with time (semi-logarithmic scale). 


Section I. “Sumatra-type” resin dilution S.D. in benzene with different amounts of 
caustic potash added in same quantity of methyl alcohol. 

Section II. 5 c.c. benzene solutions of three resins + 1 g. equiv. caustic potash 2 c.c. methyl 
alcohol. 

Section III. 5 c.c. benzene solutions of three resins + 1 g. equiv. caustic potash -h 4 c.c. 
methyl alcohol. 

Section IV. 5 c.c. benzene solutions of “Sumatra-type” resin with 1 g. equiv. caustic potash 
and different amounts of methyl alcohol x dilution S.D. O dilution S.C. (p. 905). 
Section V. 5 c.c. benzene solutions of D. maiaccensis resin with 1 g. equiv. of caustic pxitash 
and different amounts of methyl alcohol • dilution M.D. A dilution M.C. (p. 907) 
Section VI. 6 c.c. benzene solutions of toxicarol resin with 1 g. equiv. of caustic potash and 
different amounts of methyl alcohoL Initial concentrations in benzene were the same 
(3-234 g./lOO c.c.). (p. 909). 

methyl alcohol solutions were of such a deep red shade that accurate 
polarimeter readings were impossible. In addition, it is known that the 
specific rotations of. the resins and of rotenone increase linearly with 
decline in concentration (Fig. 1); it is possible that a similar effect may 
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oharaoterixe the dextro-rotatory coxnpoimd, and thus the rotatioas ob- 
served during the reaction may not have exactly the same equivalence 
as a measure of the concentrations of the reacting substance. 

Conclusions 

Owing to the large variations in type charaoterixing derris root, as 
many chemical and insecticidal data as possible are required about its 
difierent varieties. It seems to us that only in this way can the existing 
confusion be cleared away, or accurate information be made available 
as to the effect of genetical, soil, or climatic factors upon the quality of 
these plants. It is possible that in the course of time only a few varieties 
or types will be produced under cultivation and thus the problem of the 
assessment of their value be simplified; but at present there is little 
assurance that consignments as they come on to the market can be put 
into any one category as far as the chemical characteristics, botanical 
make-up and insecticidal potency are concerned. The evaluation by 
chemical means is one of great difficulty and is rendered more so by this 
contingency. The fractionation therefore of the resins of derns and cub4 
and the determination of the chemical characteristics and insecticidal 
potency of the fractions appears to be a matter of some urgency if the 
methods of assessment are to be improved. 

In the foregoing section a study has been made of the optical activities 
of the benzene solutions of resins and their fractions derived from three 
samples of derris root containing approximately the same amounts of 
ether extract. They were D. ellipticay D. malaccensis, and the ‘‘Sumatra- 
type” of Cahn & Boam. They were all laevo-rotatory, the specific rota- 
tions being in descending order of magnitude D, dUptica, D. malaccensis, 
the “Sumatra-type”. The rotations did not give a quantitative measure 
of the relative toxicities of the roots to Aphis rumidSy nor was it possible 
to obtain a quantitative assessment of the relative toxicities by an 
examination of the rotations of their fractions. 

The addition of methyl alcohol to solutions of rotenone and of the 
resins reduced their specific rotations. A preliminary attempt to frac- 
tionate the resin of the “Sumatra-type” by means of methyl alcohol 
gave a fraction which was dextro-rotatory in solution in methyl alcohol 
but laevo-rotatory in benzene. The resins of the “Sumatra-type” and 
of D, malaooensis when dissolved in benzene and treated with a standard 
solution of caustic potash underwent a change of sign in their optical 
rotation. There followed a decline in the rotation on standing, the time 
reaction being approximately unimolecular in type although side reac- 
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tions apparently accompanied it. Tlie speed of the decline was only 
slightly affected by the amount of caustic potash added or by the amount 
of resin present, provided the amount of methyl alcohol added to the 
same volume of solution was the same. An increase in the amount of 
methyl alcohol added with the caustic potash accelerated the decline in 
activity. In our experiments the rotations never reached zero after the 
initial change of sign. Rotenone and the resin of D. eUipUca tested did 
not undergo a change of sign under these^ conditions, but the normal 
laevo-rotation was reduced instantaneously and then either slowly de- 
clined or remained approximately constant. The ‘‘Sumatra-type” root 
was therefore much more like D. malaccensis than D. dliptica. 

When the ether solutions of the “Sumatra” or D. malaccensis resins 
were treated with caustic potash, a portion was extracted and precipi- 
tated by the alkali and a portion remained in solution in the ether (see 
Part II of this series, p. 887) (6). The yellow precipitate, on acidification 
and extraction, gave a resinous product^ which was laevo-rotatory in 
benzene solution but underwent the instantaneous change of sign when 
caustic potash was added in methyl alcohol. The rotation decreased on 
standing and the velocity of this reaction was also accelerated by an 
increase in the amount of methyl alcohol added with the caustic potash. 
The fraction soluble in ether behaved like the resin extracted from 
D, eUiptica, showing no change of sign of rotation on the addition of 
caustic potash in methyl alcohol to a benzene solution. It appears 
probable that the material extracted &om ether solutions of the 
“Sumatra-type ” or D, malaccensis contains the precursor of toxicarol in 
high concentration. 

Further work on these lines is required in order to ascertain the 
validity of the reaction as a diagnostic sign and to discover whether 
rotation methods would be of use in ascertaining the amount of “ toxi- 
carol” present in a sample of roots and if its presence is determined by 
genetical, climatic or cultural conditions. 

Summary 

A study has been made of the rotations of the resins from three types 
of derris root, and of a fraction rich in toxicarol separated from two of 
them. No strictly quantitative relationship between their rotations and 
their toxicities to Aphis rumicis has been found. The addition of caustic 

^ papor waa aent to pteat a oxratalline dedvattre, ahowing the oharaotefriatio 

change tk aign m rotation on the additkm oi oanatio potadi in methyl alcohol to ita beniene 
a<^ution, baa been iaolated from thia reain. 
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potash in methyl alcohol to the benzene solutions of the resins induces 
a characteristic change from laevo- to dextro-rotation in the samples 
rich in toxioarol. The induced dextro-rotation then declines in value 
with time. This effect is shown by the “ toxioarol” resin. The rate of the 
decline is accelerated by increasing the amount of methyl alcohol. 

We are greatly indebted to the Copper Technical Bureau for gifts of 
the “Sumatra-type” root and of resins derived from this strain. 

We wish to express our thanks to Mr C. Read for help during the 
course of this work. 
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Tobdcoo Diseases and Decays. By F, A. Wolf. Pp. xix + 454, with a 
frontispiece and 111 figs. Duke University Press. 1935. $5.00. 

Twenly years ago the literature of tobacco diseases was comparatively slight but, 
during the two decades, the attention given to the subject has been so great that the 
bibliography in the present volume runs to over 1000 citations. The time was obviously 
ripe for a critical survey and synthesis of this mass of publication and it was fitting 
that this should be done by Professor Wolf who, during this period, has contributed 
materially to our understanding of the problems. As tobacco is cultivated intensively 
in many parte of the North Temperate, Torrid, and South Temperate Zones the 
literature is written in many languages and is scattered through numerous journals. 
A comprehensive survey and critical ordering of the data can ^ve been no easy task 
and tlw successful outcome of the author’s labours has placed plant pathologists in 
his debt. The book is well written although, here and there, it contains some awkward 
sentences and it will be useful to growers, agricultural officers and investigators alike, 
since it not only gives a clear picture of the present state of our knowledge but points 
out clearly the gaps and makes suggestions for further research. 

The author has not followed a uniform plan of discussion of each disease but, in 
general, has described the symptoms of the disease, then considered the cause of it 
and the conditions which favour its development and dissemination, and finally dis- 
cussed palliative and remedial measures. Inferences are appended to the considera- 
tion of each disease. As with so many crops, knowledge of the more academic aspects 
of tobacco diseases is greater than knowledge of their field control and, as the author 
says, “The urgent ne^ for experimentation on control of many of the diseases (this 
work to be conducted in the field and not in the laboratory or the greenhouse) is all 
too apparent to anyone who attempts to aid growers in their tobacco disease 
problems.” 

Following an introductory chapter, Uiere is a discussion of the seed bed as related 
to the problem of the control of tobacco diseases. Chapter m contains an excellent 
account of nutritional diseases, chapter rv of those due to unfavourable water re- 
lations, ending with the rather delighthil sequence of “Wet Weather Spot”, “Black- 
fire” and “Flop”, and chapter v of disorders and diseased conditions that are little 
known and non-infectious, special attention being given to “Frenohing”. Chapter vi 
commences the portion devoted to parasitic diseam and is an admirable presentation 
of our knowledge of those due to viruses. It is not likely that all pathologists will 
agree with the author’s opinion, p. 112, that “It would appear entirely probable 
that some viruses may be non-living, others living”, but it is an interesting idea. 
Also, the author’s suggestions on p. 116 for a distinctive virus terminology, e.g. 
“Virusation, virusization, or enphytization, instead of inoculation” will not meet 
with unqualified appro vid. Chapter vn contains an account of bacterial diseases 
and chapt^ vm of diseases of the growing crop caused by fungi. There is little to be 
said about these chapters: they are just good straightforward accounts of the diseases 
concerned. Two short chapters follow treating, respectively, of diseases caused by 
nematodes and of those caused by parasitic flowering plants. The final chapter con- 
tains a useful account of the decays of tobacco during curing, fermentation and 
storage and after manufacture, and the book closes with a splendid bibliography and 
a go<^ index. 

The work is illustrated by 111 text-figures which, with few exceptions are photo- 
graphs of disease symptoms in leaves and plants. Some of these are original and 
most of them eae go^ out Figs. 81, 84, 92 and 95 are not up to standard. The author 
writes essentially as a plant pathologist and not as a mycologist or bacteriologist. 
In conseq^uenoe the mycological and bacteriological detaus of the parasites receive 
comparatively little aUention, only one fungus, for example, being illustrated in the 
text-figures. Ihie book is well prin^ and produced and is a valuable addition to the 
literature of plant pathology. WILLIAM B. BRIERLEY. 
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Diseases of Vegetable Crops. By J. C. Walkbb. Pp. 66. The Author, 
Horticultural Building, Madison, Wisconsin, U.8.A. 1936. $1.60. 

This book is an extremely condensed summary of the fungal, baoteiial, virus and 
nematode diseaseB of asparagus, onion, oruoifers, bean, pea, ouourbits, tomato, potato, 
pepper, egg plant, celery, carrot, beet, spinach, parsmp, rhubarb, okra, lettuce, and 
sweet potato. Brief notes are mven on tne culture of each crop plant and each major 
disease is treated under the allowing heads: hosts, history, occurrence, economic 
importfimoe, symptoms, causal organism, life history of causal organum, pathological 
hlstolo^, environal relations, varietal resistance, and control. Minor dkeases are 
listed. To each disease is appended a number of key references and the book closes 
with an index of diseases arranged alphabetically under hosts. 

Considering the number of diseases included and the small space available for 
each, the book contains an astonishing amoimt of information. Not only is it a first 
class summary of the major diseases of vegetable crops but, for students of jdant 
pathology, it will serve as an admirable guide to tins portion of the subject. The 
text is a photolithoprint of the author's t 3 ^pescript including misprints and, being 
reproduced on one side of the page only, leaves a useful mank side for personal 
annotations. WILLIAM B. BRIKRLEY. 


Bacterial Plant Diseases. By A. Jaczewski. Posthumous work revised 
and enlarged by N. Naumov, Pp. viii + 709, 120 figs. Moscow: 
State Printing Office. 1936. 

With the exception of English translations of Title Page and Contents this large 
volume is entirely in Russian. The chapters run as follows: I, Development of know- 
ledge of bacterial plant diseases; n. Morphology and physiology of bacteria; ni. Con- 
ditions affecting l^terial activities; iv. Multiplication of bacteria; V, Life cycles of 
bacteria and clarification; vi, Bole of bacteria in nature; vn. The mutual interactions 
of bacteria and their symbiotic relations; vni. The mode of infection of the host 
and its response to attack; ix, Geographical distribution of bacteria and the mode 
of their dissemination; x. Methods of investigation of bacterial plant diseases. 
Nutrient media; xi. Methods of control; xn. Bacterial plant diseases systematically 
arranged under baoterioses of A, Cryptogams; B, Conifers; C, Monocotjrledons; 
D, Dicotyledons. There are appendices containing a table of morphological and 
biochemical properties of plant pathogenic bacteria, miscellaneous remarks about 
staining and a bacterial descriptive chart. The bibliographical index of 1734 citations 
is arraz^ed as follows: A, General author index; 1, Russian and Bulgarian papers; 
2, Forei^ papers; B, systematically arrsuiged index on main subjects. The volume 
closes with subject, host and pathogen indexes in Roman characters. In the first 
nine chapters containing the general part of the work references are also given as 
footnotes to the text, l^e illustrations are all text-figures and, owing to the coarse 
quality of the ^per, are often unsatisfactoiy. 

It is to be hoped that arrangements win be made for an English translation of 
this volume which, so far as one can judge, is a work of considerable scientific im- 
portance. Such a publication would be a fitting memorial to its distinguished author. 

WILLIAM B. BRIEBLBY. 


The Cultivated Races of Sorghum. By J. D. Snowden. Pp. vii-f 274, 
3 plates and 31 text-figs. London: Adlard and Son. 1936. 10«. fid. 

Of Sorghum vulgare Hitchcock recently stated “The differences betwewi most of 
the varieties are so indistinct and so unstable because of intercross^ as to m^e it 
very difficult to assign descriptive limits. The applioation of botanical names is un- 
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certain, and it seemB best, therefore, not to assign to them definite varietal or specific 
Latin names/* Mr Snowden has taken his courage in both hands and in the present 
work has described thirty-one species with numerous varietiee, races and forms. 

The first chapter is an admirable discussion of the botanical history of the culti- 
vated Sorghums and presents sound justification of the author’s recognition of the 
more disianot types as definite units with specific status. In the second chapter, on 
classification tne author separatee ofi Sorgha^rum leaving a more uniform genus 
Sorghum which he divides mto two well-marked sections, Eu-Sorghum and Paro- 
Sorghum, The former is then divided into two subsections, Arundinacea and Hale- 
penaidf and subsection Arundinacea into two series. Spontanea and Saliva, The latter 
contains aU the species cultivated for their grain or sweet stems and is classified into 
six Bubeeries which are described botanict^y. Th^ follow brief discussions of the 
general distribution of Sorghum and of the significance of the botanical charactm. 
A key to the subseries and species leads to the main part of the book which is a 
detailed description and enumeration of the species, varietiee and forms and includes 
not only taxonomic matter but also useful notes on the history, distribution, culture 
and economic importance of the plants. The skilful use of spacing and different types 
renders this part of the work very clear. The final chapter is an interesting con- 
sideration of the relationships of the wild and cultivated Sorghums, and the book 
closes with a bibliography of over 400 references, arranged by dates under subjects, 
and indexes of boti^cal names (including pre-Linnean nomenclature), vernacular 
names, and countries and regions. The book is illustrated by three plates and thirty- 
one excellent line drawings. 

Although the work was primarily done by Mr Snowden, it was carried out at 


Kew with the active co-operation of the officers of the Agricultural Departments of 
the British Empire, and it sets a valuable precedent which, it is to be hoped, Kew 
wiU be able to foUow with other crop plants. Botanists and agriculturists accord 
thanks not only to the author for his painstaking labours but to the Trustees of the 
Bentham-Moxon Fund who generously subsidized the work and published the results 
in so admirable a form. WILLIAM B. BRIERLEY. 


The Algae and their Life Relations: Fundamentals of Phycology, By J. E. 
Tilden. Pp, 2 di + 550, frontispiece and 257 figs. Minneapolis: Uni- 
versity of Minnesota Press. 1935. 22^. 6d, 

The Algae have always proved a fascinating study to botanists and students have 
been fortunate in having available the great works of Oltmanns and West. There 
have now been publish^, almost simultaneously, two comprehensive treatises by 
life-long students of this group, Fritsoh and Tilden, although of the former book, 
volume one only has yet appeal^. In fact, the Algae, the direct economic importuioe 
of which is comparatively slight, are, in many respects, better known than other 
groups of plants of vital importance to mankind. It is a strange kink in the academic 
mind which puts eoonomio^y unimportant things first and neglects things of equal 
scientific intrust and transcending human value. 

In chapter i the author discusses various hypotheses concerning the phylogeny 
of the Algse, emphasizing the theory of parallel development. A ooxisideration of 
the distribution of marine Algae in time and space in which the author endeavours 
to show that this has been determined by solar energy, is followed by an^ interesting 
chapter on algal classification based on evolutkmary development, wiUi spe^ re- 
ference to pigmentation and food reserves. The next 424 pages contain the classifi- 
catoiy and descriptive portion of the book, the author workup steadilv through the 
Cyanophyceae, Rhodophyoeae, Phaeophyceae, Chrysophyceae and dhlorophyceae. 
Chapter ix contains a very bri^ discussion of algae control in pdluted warns, and 
the following two ohaptem a disousskHi of Algae as food for animals and man. The 
latter chapter is distmotly interesting and unexpected in a book of thk nature, 
although it is doubtful whether the unique claim made for the Algae can be sub- 
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stantiated. There is a valuable appendix on the standardization of methods of drawing 
Algae for puhlioation which all botanists will find useful, and the book closes w^ 
a footed bibliography and a good index. 

The book is primaSrily a text for advanced students in botany and is written in 
clear and simple langu^e, technical terms having been simplified and reduced in 
number. The beautiful iUustrations, many of whion are original, ari a valuable and 
striking ^ture, and good use is made of extensive tables and diagrams. The book is 
finely printed and produced and is a notable contribution to algal literature. 

WILLIAM B. BBIERLEY. 


Protoplasm. By W. Seifriz. Pp. x -1-684, 179 figs. London: McGraw- 
Hill Book Co. 1936. 36^. 

During the last twenty years Prof. Seifriz of the University of Pennsylvania has 
studied the structure of the living cell, using especially micrurgical technique, and 
a noteworthy x)art of our present knowledge derives from his pioneering investiga- 
tions. In spite of the issue of such journals as Cytologia and Protoplasma, the literature 
deeding with these problems is very widely scatter^, the author’s own contributions 
appearing in over sixteen journals. This is due to the fact that protoplasm is a focus 
of many sciences and research on the problems of each particular aspect is published 
in the journals of the special science. 

In the present volume the author has endeavoured to bring together *"all those 
parts of the branches of science which beetr upon the physical chemistry of living 
matter” and “to indicate how far research has gone in the application of physics 
and chemistry to those biological phenomena wMch can be r^uced to cellular or 
protoplasmic processes”. Most of these researches are extremely technical and 
rendered almost unintelligible to many biologists by presentation in a maze of mathe- 
matical or statistical symbolism. The author has not, of course, been able to avoid 
formulas, curves and tables but has reduced them as far as is consistent with accuracy 
and completeness since, as he says, “a situation which can be clearly put into words 
becomes meaningless to the non- mathematical mind when stated in terms of formulas 
fiuid curves.” This, alone, would make his book welcome to biologists. 

Chapters i-v are introductory, the first two dealing -with the living substance and 
the cell, and the following three with methodology. The next sixteen cmapters contain 
a masterly survey and (Escussion of the physical chemistry of protoplasm, and the 
four which follow, of its chemical constituents. The last two chapters deal respectively 
with regulatory substances and the problem of the origin of living matter — this last 
a highly controversial chapter ! The book closes with a useful selected bibhography 
of about 550 citations arranged by subject, and a good index. 

For his consideration the anthor has selected the more important lines of research 
but the book, although fairfy oomprehensive, makes no pretence of encydopaedio 
treatment. He presents fairly both sides of any question in discussion but states 
clearly his own views, believing that “a definite but not too arbitrary stand is more 
conducive to a clear grasp of a subject than a wholly impartial point of view ” and 
that “a book wholly devoid of contention is likely to be lees stimulating than one 
which occasionally indulges in healthy disagreement”. In spite of the clear and per- 
suasive writing of Prof. I^ifriz, and Mb cogent argument, probably many readers will, 
here and ^re in the book, find themselves pulled up by statements and viewpoints 
affording ioope for most healthy disagreement. As the author says, however, “change 
and doubt are the very spirit of scientific thought”, and he hunwlf is so careful to 
avoid fitolity in statement and sevOTely adverse or merely destructive criticism that 
the intmst and fairness of his presentation almost disarm opposition. 

to the scattered literature, the number and wide range of the data wd the 
abstruse teohnioal character of so many of the investi^tions, most biolo^ts are 
unable to keep a general and up-to-date viewpoint in relation to these prol^ms, or 
feel themselves quite incompetent to evalua^ the evidence or see its trends and 
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implications. In surveying this work and marshalling the data in the light of his 
special knowl^e and long and intimate experience of actual research on a wide range 
of jnrotop^mic problems, the author has performed a valuable task and, in writing 
his book in so interesting, clear and stimulating a manner, he b as added to our debt. 

The book is a notable achievement and it will be of interest and value to all 


biologists since, whatever their special Eelds o 
in the structure and behaviour of protoplasm. 


of research, aU their problems originate 
WILLIAM B. BBIERLEY. 


Evolution. By A, Franklin Shull. Pp. x + 312, 64 figs. London: 
McGraw-Hill Publishing Co., Ltd. 1936. 18«. 


Even the most applied of biologists never loses his interest in fundamental 
problems of evolution and, in view erf the evolutionary developments of statistics 
and genetics during the last decade, is wise if he keeps in close touch with thin general 
field. Few books on evolution, however, give one any idea of the present day concept 
of that process and, particularly, lack any adequate application of genetical and 
statistical knowledge to the problems of evolution. What has been needed is a book 
which, whilst general in scope, attempts to show precisely how evolution works in 
the prewnoe of the typical heredity mechanism, i.e. which reviews the field of evolu- 
tion as it appears to modem biologists, with the genetic bearings indicated wherever 
these may reasonably be assumed. The present book meets this need admirably and 
is an excellent piece of work. 

The first four chapters are introductory and present a clear picture of the general 
lines of evidence for evolution. The next six chapters contain a suggestive discussion 
of the relation of the material basis of evolution to the facts of heredity, and the 
following three chapters a critical analysis of the present status of natural selection. 
Three chapters are then devoted to a consideration of adaptive and non-adaptive 
characters, and the role of genetic and environmental isolation in the formation of 
races and species. These are followed by an interesting but somewhat woolly chapter 
on the evolution of evolution, and a final chapter which considers destructively the 
idea of emergent evolution. The book contains a bibliography which, although selected 
contains some rather striking omissions, in particular reference to important Russian 
work, and closes with an index. 


The volume is written largely from a zoological standpoint, although it attempts 
to be general in its scope, and ia in such clear language that difficult and obscure 
problems appear almost too simple. It is an interesting and suggestive book and 
one to be recommended. 

WILLIAM B. BRIERLEY. 


Sea Trout and Trout. By W. J. M. Menzies. Pp. 230, 17 plates and 
3 text-figs. London: Edward Arnold and Co. 1936. 10^. 6d, 

Mr Menzies, who is Inspector of Salmon Fisheries of Scotland, is well known as 
an authority on the salmon and the rather delightful little book which he has now 
wnttM^ on the trout will add to his reputation among anglers and naturalists. After 
describing the distribution and development of the migratory and non-migratory 
races of trout, and the life history of the sea trout in some detail, the author gives an 
interesting account of the ecological relationships of trout and outlines the methods 
of observation, marking of fish and scale study which have led to our present know- 
There is a somewhat slight chapter on diseases, abnormalities and parasites 
and a final chapter in which the author indicates ways in which research may be 
further applied in the preservation and improvement of fisheries. The book opens 
with an appreciative foreword by G. Herbert Hall, himself a well-known authority 
on salmon and trout, and closes with a short bibliography and an index. 

The book is well illustrated and produced and, although the writing is interesting 
^d popular, it is, as one would expect from its author, accurate scientifically. The 
book should have a wide anneal. 

uvuiu a wiae appeal. WILLIAM B. BRIERLEY. 
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